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INTRODUCTION 

To  a General 

SYSTEM 


° F 

Hydroftatic^s  and  Hydraulic^/, 

Philosophical  and  Practical. 

Wherein 

The  moft  reafonable  and  advantageous  Methods  of 

raifing  and  conducing  Water,  for  the  watering  Noblemens  and 
Gentlemens  Seats,  Buildings,  Gardens,  &c.  are  carefully  (and  in  a 
Manner  not  yet  publifh’d  in  any  Language)  laid  down. 

Containing  in  General 

A Phyfico-mechanical  Enquiry  into  the  Original  and  Rife  of  Springs' 
and  of  all  the  Hypothefes  relating  thereto ; as  alfo  the  Principles  of  Water- 
works, and  the  Draughts  and  Defcriptions  of  fome  of  the  belt  Engines  for 
niifing  and  diftributing  Water,  for  the  Supply  of  Country  Seats,  Cities 
Towns  corporate,  &V.  7 

Deduc  d from  the  Theory  of  Archimedes,  Gallileo,  Torricelli,  Boyle , Wallis , Plot 
Hook,  Marriotte , Defaguliers , Dcrham , Haviksbee , and  others. 

Reduc  d to  Pradtice  by  Vitruvius , Bockler , de  Cans , and  other  Architects  amoneft  the  an- 
c\ent  Romans  Italians,  French , Flemmings,  and  Dutch  and  much  improv'd”  by  later 
Prathce  and  Experience.  1 

Uluftrated  and  Explain’d  by  Sixty  Copper  Cuts,  done  by  the  beft  Hands,  of  the  Prin- 
cigles  which  tend  to  the  Explanation  of  the  whole,  and  of  rural  Grotelque,  and  chean  De 
fg,n  J°I  T* Cataraas  and  Cafcades  of  Wa  t e r,  Canals,  Bafins,  Fountains  Sr 
ColleAed  -i  om  the  beft  of  the  Italian  and  French  Defigns  (together  with  fome  new  ones  of  thZ 
Author  s own  Invention)  few  of  which  have  ever  appear’d  in  Books  of  Hydroftaticks,  &c. 

In  Two  VOLUME  S. 


By  STEPHEN  SWITZER. 
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LONDON: 

FrChmch-YTrdA-£TaLndYT  ardlC  R0/}'  S-  Austen,  at  the  Angel  in  St. PaiTs 
Church,  Fit,},,,,  M,fc“xx “ S H°^  1**  SL  D“>”’s 


TOT  HE 

Right  Honourable 

ALGER  NOON,  Earl  of  Hertford, 

Baron  Piercy,  Beauchamp,  &c.  Lord  Lieutenant 
and  Cuftos  Rotulorum  of  the  County  of  Sui- 
fex,  Cuftos  Rotulorum  of  the  County  of  Wilts, 
Brigadier  General  of  his  Majeftys  Forces , and 
Captain  of  the  Second  Troop  of  Horfe-Guards . 


My  Lord, 

I T H an  Addrefs  proportionate  to  the  Ho- 
nour  and  Dignity  of  thofe  two  illuftrious 
Families,  from  which  your  Lordfhip  has  de- 
duced your  high  Birth,  I prefen t this  Vo- 
lume of  Hydroflaticks  and  Hydraulicks  to 
your  Patronage  and  Protedion,  depending  upon  two 
of  the  moft  valuable  Epithets  in  humane  Nature,  Tour 
oAffedlion  to  Arts  and  Sciences , and  ‘Benevolence  to  Man- 
kind: From  both  of  whi;h  I am  taught  to  hope  you 
will  encourage  whatever  tends  to  the  Improvement  of 
Mathematical  and  Philofophical  Knowledge,  and  excufe 
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the  Prefamption  of  one,  who  places  your  Lordffip’s 
Favour  and  Friendfhip  among  the  greateft  Felicities  of 
his  Life. 

If  the  low  Eftate,  and  Unworthinefs  of  the  Author, 
fhould  be  any  Objection  to  the  Succefs  of  this  Under- 
taking, the  Ufefulnefs  of  the  Subject  will  (it  is  humbly 
hoped)  fufficiently  atone  for  it,  efpecially  if  handled  in 
a Manner  fuitable  to  the  Nobienefs  oi  it.  The  Hiftory 
of  Fluids  being  coeval  with  the  World,  and  the  moil 
•early  Dawningsof  Time  it  felf ; and  upon  theCeffation 
of  which,  Nature,  with  all  her  numerous  Offspring, 
muft  neceffarily  recede  and  fhrink  back  into  its  primary 
State  (if  I may  fo  call  it)  of  Non-entity  and  Annihila- 
tion, the  Fluduation  of  Fluids,  the  Elafticity,  Glafhing, 
.and  Receihon  of  aerial  and  corpuscular  Atoms,  and 
minute  Particles  of  Matter,  confiding,  as  it  does,  of 
one  of  the  greateft  of  her  Laws,  Motion  (oppofite  to 
Stagnation  and  Reft)  being  the  Machine  by  which  fhe 
works  all  her  Effects. 

And  as  the  Theory  of  Fluids  contains  in  it  the 
greateft  Scope  of  Mecnanical  and  Philoiophical 

Reafoning  of  any  in  Nature  and  io  of  great  Uie  to 
the  moral  and  mcjuifitive  Readei  \ io  alio  the  Piabtice 
of  it,  in  railing  and  conducing  Water,  is  no  lefs  ufeful 
to  the  induftrious  and  bufy  Artifan  and  Mechanick,  in 
the  Beautifying  and  Embellifliment  of  a Country  Seat, 
Water  being,  ft  I may  be  indulged  the  Liberty  of  fuch 
an  Eypreftion,  the  e very  Life  and  Soul  of  a Garden  ; the 
waftin  t of  Trees,  the  warbling  of  Birds,  the  imgitujque 
being  fubmiftive  Beauties,  when  put  into  Com- 
petition  with  the  murmuring  of  Streams,  and  Cadence 
of  Water. 
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It  will  not  be  to  my  Purpofe,  my  Lord,  nor  fhall 
I prefume  to  enter  into  the  Difcuflion  of  a Point  long 
held  in  Debate,  between  the  Advocates  pro  and  con , 
which"  of  the  Water- works  were  the  mo  ft  noble,  thofe 
of  Italy,  or  thofe  of  France , leaving  that  to  the  Decifi- 
fton  of  your  Lordfnip,  and  thofe  ingenious  Noblemen 
and  Gentlemen  of  the  Britijh  Nation,  who  are  fo  im- 
partial Judges  of  whatever  is  Natural,  Noble  and  Po- 
lite ; but  thus  far  it  appears  by  the  Prints  brought  from 
thence,  as  well  as  from  the  Opinion  of  one  of  the 
greateft  Genius’s  of  this  Age,  That  the  Water-zvorks 
of  Italy  are  generally  more  natural , than  thofe  of 
France,  or  contriv'd  more  agreeable  to  it ; and  that  if 
the  French  do  furpafs  them  at  prefent  in  their  Gardens 
and  Water-works,  it  is  rather  oivmg  to  the  Greatnefs  of 
their  Riches , than  the  Excellence  of  their  Tajte. 

I know,  my  Lord,  how  difagreeable  it  will  be  to 
your  Lordfhip,  for  me  to  expatiate  on  your  Lordlhip’s 
Character,  either  in  publick  or  private  Life,  or  at  a 
Hiftory  of  thofe  Noble  Families  from  which  you  are 
defeended  (how  juft  foever  my  Theme  is ) ; and  I am 
the  more  unwilling  to  attempt  it,  left  the  Defcription 
ftiould  fall  fliort  of  the  Subjed,  and  the  Picture  luffer 
by  the  imperfed  Shadows  of  lo  unmafterly  a Hand  ; 
but  as  the  moft  humble  Cottager  can’t  but  look  with 
chearfulnefs  on  the  cherifhing  Influences  of  a benign 
Sun;  fo,  my  Lord,  I cannot  without  great  Violence 
to  my  felf,  finifti  this  Epiftle,  without  thofe  humble  and 
fincere  Offerings  of  Gratitude  and  Thanks  for  a Friend- 
fhip,  which  is  much  more  owing  to  your  Lordftiip’s  kind 
Difpofition,  than  to  my  Merit.  Others  look  only  upon 
thofe  whom  Fortune,  or  the  Favour  of  the  Great,  rife 
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up  to  the  Pinacles  of  Honour  or  Preferment  3 but  your 
Lordfhip’s  good  Nature  overlooks  that,  and  is  the 
Caufe  that  you  extend  your  Notice  to  one  in  the  low- 
ed State  of  Life,  and  who  can  make  no  other  Return, 
than  that  of  Gratitude  and  Refpedl. 

If  a fin  cere  Friendfhip  and  good  Nature,  a benevo- 
lent and  candid  Deportment  to  all  about  you,  be  the 
true  Charadteridicks  of  a Gentleman  of  Humanity  and 
Honour,  well  may  I apply  what  the  Hiftorian  fays  of 
one  of  the  mod  beloved  ’ Patrons  of  Antiquity ; What 
Citizen?  which  of  jour  Neighbours  or  Servants  have  you 
made  meafy  ? Which  of  your  Friends  or  Family  is  it 
that  you  have  anywife  injur'd  or  difoblig'd  l Well 
would  it  be  for  Families  and  Edates  in  particu- 
lar, as  well  as  for  the  Peace  of  Society  and  the 
World  in  general,  were  thofe  Patterns  of  frugal, 
focial,  and  "conjugal  Virtues,  of  which  your  Lord- 
fhip  is  fo  confpicuous  an  Example,  more  prevalent  and 
extenfive. 

That  thefe  Gifts,  the  greated  and  happied  which 
Omnipotence  can  confer  on  fublunary  Beings,  may  be 
tranfmitted  to  your  Poderity  ; and  that  the  Illudnous 
Family  of  which  your  Lordfhip  is  fo  benevolent  an  Or- 
nament, may  be  continued  down  in  a diredt  Series,  to 
the  lated  date  of  Time,  is  the  fincere  Wifti  of, 

My  Lord, 

Your  Lorddiip’s  Mod  Obedient 
Humble  Servant, 

Stephen  Switzer. 


THE 

PREFACE. 

VEN  as  Paradife  itfelf,  tho’  of  Divine  Ap- 
pointment, mull  have  been  deem’d  an  im- 
model’d  and  lm perfect  Plan,  had  it  not  been 
water’d  by  the  fame  all-powerful  Eland 
which  hrft  made  it  \ fo  never  can  our  Gardens  and 
Fields  (the  neareft  Epitomy  and  Refemblance  of  that 
happy  and  bleffed  Place  to  be  met  with  here  below) 
be  laid  to  be  any  way  perfect  or  capable  of  fubfiftino- 
without  it. 


The  entire  want  of  Water  that  is  in  fome,  and  the 
illUfe,  or  little  Management  of  it,  which  is  to  be  found 
in  other  Places,  are,  I humbly  hope,  fufficient  to  ex- 
cufe  me  from  making  any  Apology  for  my  prefumin^ 
to  attempt  at  the  undertaking  of  a Syftem,  the  Steps 
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of  which  fo  few  have  trod  before  me,  and  which  I 
have  with  much  Care  and  Pains  drawn  together,  for 
the  Improvement  of  thefe  and  future  Times. 

It  were  indeed  to  be  wifhed,  that  fome  more  able 
Hand,  and  who  had  more  leifure  than  I have,  would 
have  undertaken  fo  ufeful  a Work  as  this  is,  which  has 
not  (at  leaft  that  I know  of)  been  drawn  together  into 
a Syftem  in  any  one  Language  whatfoever,  but  lies  lcat- 
tered  up  and  down  in  Fragments  and  broken  Pieces  of 
Literature;  on  which  Account  I have  adventured  to 
throw  in  my  Mite  into  this  almoft  inexhaultible  1 rea- 
lty ; which  will,  ’tis  humbly  hop’d,  at  leaft,  have  this 
aood  EfFedl,  as  to  excite  fome  mote  knowing  Pen  to 
perfedt  what  I have  thus  willingly  begun 

It  is  not  at  all  to  be  doubted,  but  this,  as  well  as 
many  other  Works,  which  are  producd  tor  the  Public!: 
Good  will  meet  with  its  Disfavourers,  as  well  as 
thofe  who,  out  of  a Value  for  the  Improvements  and 
Good  of  their  Country,  are  willing  to  encourage  all 
the  Eftays  that  are  tending  that  Way,  let  them  come 
from  what  Hand  they  will : To  fuch  therefore  I have 
little  to  fay;  but  proceed,  after  this  fhort  Introduction,, 
to  what  is  more  generally  intended  in  this  Work, 
eyiZj  The  proper  eft  Methods  of  raifing  ana  diftributmg 
Water  for  the  Vfe  of  Country  Seats,  Towns  Corpo- 
It muft  be  own’d,  that  the  vaft  Expence  which  at- 
tends the  raifing  up  and  conveying  Water  for  the  Em- 
bellilhment  and  Watering  of  Noblemens  and  Gentle- 
mens Seats,  is  one  great  Reafon,  that  fuch  Works  are 

not  oftener  undertook  and  perfedted  than  they  are,  me 

Expence 
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Expence  of  piping  of  Drains,  c.  being  fometimes 
with  Reafon,  ftho’  at  others  with  no  Reafon  at  ail)  an 
Intimidation  to  their  Owners  from  conducing  the  Water 
thereto ; not  being  able  of  themfelvcs,  nor  having  the 
Convenience  of  any  about  them  to  calculate  the  real 
Expence  that  attends  it:  And  this  has  been  another 
Reafon  which  has  induc’d  me  to  the  following  EBay, 
wherein  I have,  with  as  great  Plainnefs  as  poilible,  fet 
down  the  feveral  Methods  by  which  Water  may  be 
conveyed,  becaufe  I have  obferved,  that  this  being  of- 
ten left  to  thole,  (whofe  Bufinefs  being  rather  to  con- 
fult  their  own,  than  the  Interell  of  thole  who  employ 
them)  have  gone  on  in  their  own  Way,  tho’  there  are 
Ways  much  nearer,  which  has  at  laft  grown  to  an  Ex- 
pence Co  great,  as  to  deter  the  Owner  from  perfecting 
what  he  had  thus  mjudiciouOy,  and  perhaps  without 
any  Conlideration  at  all,  begun. 

Nor  have  I confin’d  my  felf  to  what  is  purely 
practical,  ( how  ufeful  foever  that  be  ) but  have  intro- 
duced what  I had  to  fay,  with  all  or  moll  of  thofe 
ufeful  Propolitions  and  Theorems  that  Writers  in  thefe 
Sciences  have  laid  down,  that  fo  I might,  as  it  were 
with  a Clue  of  Thread,  lead  my  Reader  thro’  the  de- 
lightful Avenues  and  Approaches,  till  he  is  brought  to 
the  more  fatisfaCtory  Pleafures  which  attend  the"  folid 
Practice  of  them. 

The  firfl  Thing  I have  attempted  at,  is  an  hilto- 
rical  Account  of  the  chief  Works  of  this  Kind,  that 
were  and  are  remarkable  in  ancient  and  modern  Times, 
and  the  Rifes  and  Honour  they  have  contributed  to 
the  refpeCtive  Places  where  they  have  been  ufed,  which 
has  necelfarily  taken  in  a great  many  Obfervations  of 
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confiderable  Ufe  in  the  following  Treatife ; Obfervati- 
ons  fo  juft  in  themfelves,  and  of  iuch  great  Confide- 
ration  in  Life,  that  whoever  reads  the  Hiftories  of 
thofe  Times,  will  find,  that  the  watering  of  a Town, 
and  the  preferving  and  conducting  a Rivulet  or  a 
Sprint  ( efpecially  in  military  Affairs ) was  of  as  great 
Importance  as  the  Conqueft  of  an  Enemy  ; and  that 
without  this  Care,  whole  Armies  have  penfh’d : Cajar 
no  Doubt  was  as  remarkable  for  his  Skill  in  Hydro- 
flaticks,  or  rather  Hydrophanticks,  as  he  was  in  any 
other  Effort  he  made  for  the  Defence  of  his  belov’d 
a Alexandria , when  he  was  fo  clofely  befieged  in  it  ; His 
whole  Life,  and  fome  of  the  greateft  and  moft  poli- 
tick of  all  his  Actions  alfo  (as  may  be  feen  in  the  Roman 
Hiftory)  being  one  continued  Chain  of  Care,  how  he 
fhould  procure  Water  for  his  friends,  and  divert  it 
from  his  Enemies,  by  which  he  often  relieved  his  own, 
and  ftarved  the  Armies  of  his  Antagonifts:  And  Alex- 

ander, how  great  foever  he  was  in  other  Refpeccs,^  was 
as  remarkably  negligent  and  lupine  in  this,  in  fuffering 
his  Army  to  perifh  for  Want  of  it. 

Rome,  even  in  its  civil  Capacity,  was  ( as  the  Courfe 
of  this  Account  will  demonftrate)  an  eminent  Infiance 
of  the  Ufes  it  was  of  to  that  Metropolis,  in  the  ftu- 
pendous  Aqueducts  with  which  it  was  on  all  Occafi- 
ons  fupplied,  fuch  as  cauled  Fabretti , a celebiated  Au- 
thor of  Antiquity,  to  write  a Treatife  on  Purpofe  con- 
cerning them;  by  which,  as  well  as  from  Pliny  and 
other  ^Writers,  we  are  alfured  they  were  accounted  one 
of  the  Wonders  of  the  World  ; Nor  are  France , Italy, 
as  well  as  many  other  European  Countries,  much  behind 
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them,  all  which  will  be  more  amply  confidered  in  its 
proper  Place. 

T h a t I might  proceed  the  more  methodically,  the 
next  Thing  I have  done,  is  the  fumming  up  all  the 
different  Hypothefes  which  have  been  laid  dowfn,  re- 
lating to  the  Original  and  Rife  of  Springs,  which  I 
place  as  the  Ground-work  of  this  Undertaking  ; fince 
that,  as  well  as  other  Parts  of  Philofophy,  whole  Caufes 
lie  conceal’d,  have  long  entertain’d  the  World  with 
different  Reafonings : All  which  I have  endeavour’d 
as  much  as  poffible  to  reconcile,  and  to  give  every 
Opinion,  which  has  any  tolerable  Appearance  of  Truth 
in  it,  its  due  Weight  and  Emphafis,  not  taking  upon 
me  abfolutely  to  determine  an  Hypothecs,  in  which 
Co  many  learned  Men  in  all  Ages  have  differed. 

The  Original  and  Rife  of  Springs  being  thus  cau- 
tioufly,  but  I hope  clearly  handled,  1 have  in  the  next 
Place  treated  in  as  fhort  but  yet  plain  a Manner  as  I 
could,  of  the  good  and  bad  Properties  of  Water,  the 
Manner  of  difcovering  and  fearching  for  Springs,  the 
taking  of  true  Levels,  in  order  to  the  conducting 
them  home,  where  they  are  to  be  ufed  in  AqueduCts 
or  Pipes  of  ConduCt,  according  to  the  Practice  of  the 
molt  experienc’d  in  this  Way ; and  this  Book  has  ne- 
ceffarily  taken  in  the  cheapeff  and  belt  Methods  of 
Pipes,  the  making  of  AqueduCts,  Refervoirs  and 
Batons ; becaufe  it  is  from  the  Want  of  this  Know- 
ledge that  I fufpeCt  many  great  Defigns  of  Wa- 
ter are  laid  afide,  as  not  practicable  or  confident  with 
the  Pockets  of  many  Perfons  who  have  Occafion  of 
it,  in  which  I have  more  particularly  explain’d  the  new 
invented,  at  leaff  the  fo  much  new  improv’d  Earth 
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Pipes,  for  which  the  ingenious  Mr.  EdvMrds  of  Mon- 
mouth has  a Patent ; and  which,  as  we  are  inform’d, 
by  the  Reverend  Dr.  Tteja^uhers,  in  the  Evening  Fott 
of  Auntt  i ft  this  prefentT  Year  1717,  did  bear  a 1 the 
ComptefFure  of  Air  and  Water  that  the  Tork-bmldmgs 
Engine  could  lay  upon  it  3 and  that  without  making 
the^leaft  FraCture,  either  in  the  Pipe,  or  the  Cement  that 
join’d  the  Pipes  together,  which  has  brought  me  to  what 
was  my  next  and  indeed  principal  Aim,  I mean,  the 
Theory  and  Practice  of  Hydroftaticks  and  Hydraulicks : 
From  the  firft  of  which,  we  learn  the  Motion  and  Equi- 
librium of  Water  and  other  Fluids,  from  their  Gravity, 
Elafticity  and  Impulfe,  and  from  the  latter,  a Mechanical 
Account  of  thofe  Powers,  by  which  Water  is  throvvn 
up  out  of  the  deepeft  Wells  and  Caverns,  to  the 

Tops  of  the  higheft  Hills. 

“ Hydroftaticks  ( fays  the  honourable  and  ingenious 
“ Mr  Hoyle,  in  his  Preface  to  his  Hydroftatical  Fara- 
“ doxes)  is  a Part  of  Study  or  Philofophy  which  ought 
“ to  be  look’d  upon  as  the  moft  ingenious  of  any  ; 
“ the  Theorems  and  Problems  of  this  Art,  being 
“ the  handfome  Productions  of  Reafon,  and  afifor- 
“ diner  the  nobleft  Difcoveries,  not  only  pleating,  but 
« alfQD  moft  furprizing  and  wonderful  3 in  that  moft 
“ of  the  Phenomena  of  Nature  can  hardly  be  under- 
“ flood,  without  Hydroftatical  Principles.  F01  the  II- 
luftration  of  which,  I have  made  Ufe  of  thofe  Experi- 
ments which  have  been  laid  down  and  explain  d by  that 
Honourable  Author,  with  others  of  great  Note  amongft 
the  Learned,  corroborated  by  an  Experiment,  which,  in 
Honour  of  its  Inventor,  will  in  all  Probability  be  cal- 
led c Torricellian , as  long  as  Time  it  felf  fhall  laft. 
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To  go  on  with  our  learned  Author,  “ This  Art  is 
“ not  only-  fpeculative,  but  practical,  the  Propoliti- 
“ ons  belonging  to  it  being  very  ufeful  in  Navigati- 
44  on,  ( and  that  whereby  the  Burthen  of  every  Ship  of 
44  fuch  and  fuch  Dimenhons  is  known)  but  alfo  in  all 
44  other  Arts  and  Sciences,  where  Enquiry  is  made  in- 
44  to  the  Gravities  and  Magnitudes  of  different  Bodies  5 
44  and  it  is  alfo  poilible,  to  make  the  Art  of  Hydrofta- 
44  cy  to  be  variouily  ufeful  to  all  Profeffors  of  Medi- 
44  cine  and  Chymiftry,  as  that  learned  Author  has  de- 
44  monftrated,  in  a m oft  curious  Treatife  of  his,  end- 
4C  titled,  Medicina  Hydroflatica,  & c.  to  which  I refer 
44  my  Phyfical  Reader.  ” And  if  the  Study  of  Hydro- 
llaticks  is  fo  ufeful  in  the  Materia  Me  die  a , and  to 
all  Dealers  in  Medicine,  fo  it  is  no  lefs  ufeful  to  thofe 
whofe  Office  obliges  them  to  the  Practice  of  the  Medi - 
ca  interna  itfelf ; becaufe,  according  to  the  excellent 
Boerhaa<ve  (in  his  well  wrote  Method  of  ftudying  Phyfick  ) 
a Phyfician  ought  to  be  well  acquainted  with  all  the  Laws 
of  Motion,  witli  Staticks,  Hydrollaticks,  and  Hydrau- 
licks,  and  the  Properties  of  all  Fluids,  of  which  more  by 
and  by.  To  proceed  to  Vegetation,  the  Riling  and  Afcenc 
of  the  Sap  and  other  Liquors  in  Trees  and  Capillary 
Tubes,  is  not  to  be  accounted  for  any  other  Way,  than 
by  Hydroflaticks  ; and  to  fo  great  a Pitch  did  fome 
of  the  Ancients  carry  this  Notion,  that  they  fuppos’d 
( as  Beckler  has  it ) that  they  fhould  talbe  of  the 
Joys  of  Heaven,  as  thro’  a Syphon,  of  which  more 
hereafter. 

Later  Philofophy  is  indeed  much  plainer,  in  the 
Demonllrations  it  gives  of  this  wonderful  Part  of  Na- 
ture, it  being  by  Attra&ion,  or  in  other  Words  by 

Pulflon, 
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Pulfion,  ( a great  Principle  in  Hydroftaticks ) it  is  as 
moil  learnedly  hinted  at  by  Sir  Jfaac  Newton , in  his 
cPrincipia,  that  the  Sap  is  made  to  afcend  tile  Trunk  and 
Boughs  of  Trees,  and  all  other  Vegetables,  which  tho’ 
it  rifes  much  higher  than  by  the  hated  Laws  of  Hy- 
droftacy,  it  is  (uppos’d  it  will,  yet  it  is  by  the  Preffure 
or  Pulfion  of  the  Atmofphere,  gravitating  as  it  does  on 
this  lower  Orb  of  Earth  and  Water,  that  Motion  it 
felf  (with  all  the  Actions  of  vegetative  Vitability)  owe 
their  Exiftence  ; the  Liquids  being  firft  heated  and  dif- 
folv’d  by  the  fuperior  Influence  of  the  Sun  in  Summer, 
and  of  the  defcending  Rains  which  then  fall,  hill  cau- 
ser a new  Acceflion  and  Afcenflon  of  Matter,  till  the 
Tree  reaches  up  to,  and  acquires  its  higheft  Stature. 
Difcoveries,  which  have  been  chiefly,  if  not  altogether 
owin^  to  that  angelick  Genius  (if  I may  fo  call  him) 
who  as  he  excelPd  moft  of  his  Cotemporaries  when 
alive,  fo  (may  have)  now  dead,  a fuperior  Place  in  thofe 
fublim’d  and  happy  Regions  of  Blifs  above,  as  a Re- 
ward for  his  great  Labours. 

To  proceed,  the  Laws  of  Hydroftaticks  are  no  lefs 
vifible  in  the  Animal,  than  they  are  in  the  Vegetative 
Life;  it  being  by  the  Gravity  and  Elafticity  of  Air, 
that  all  thofe  Abts  of  Motion  (on  which  the  Circle 
of  Life  depends)  are  perform’d. 

Were  it  not  for  the  fuperincumbent  Air,  gravita- 
tinCT  and  prefling  upon,  and  round  a Man  as  he  walks, 
’tis&  much  to  be  doubted  whether  he  could  fo  much 
as  ftand  upon  his  Feet  j and  it  is  plain,  that  it  is 
by  that  Preffure  of  the  external  Air  on  the  Mufcles, 
that  that  due  and  regular  Circulation  of  the  Blood 

which  contributes  fo  much  to  Life  and  Health,  has 

its 
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its  Motion ; for  when  that  Preffure  is  taken  away,  the 
Skin  ('as  may  be  ieen  in  Cupping)  diitends  it  felt' 
and  makes  it  fweli  in  the  Giais ; the  internal  Air  in 
the  blood  being  (as  the  learned  'Defagmliers,  Pa.  rip, 
of  his  experimental  Philofophy  lets"  down ) ratified 
when  the  Prefiure  of  the  external  Air  is  taken  away  3 
and  if  we  look  into  the  Infide  of  a human  Body, 

we  IPin.il  theie  find  of  what  great  Ufe  this  Elaflicity  of 
Air  is.  ; 

For  when  a Man  (as  our  oft  quoted  Author,  Prop. 
xviii.  Pa.  119  on  another  Occafion  has  it)  by  the 
M nicies  of  his  Breaft  enlarges  the  Cavity  of  the  Tho- 
lax,  then  the  external  Air  (by  its  elaflick  force)  fin- 
ding Room  wherein  to  expand  it  felf,  ruflies  in  at 
ms  Mouth  into  the  Lungs,  and  wherever  elfe  it  can 
find  any  Vacuity,  and  caufes  that  internal  Motion, 
wieieon  all  the  Parts  of  Life  depend;  and  how  mife- 
rable  a Tiling  it  is,  to  be  depriv’d  of  the  Elaflicity  of 
that  Air  fo  ru filing  in,  may  be  feen  in  thofe  Animals, 
who  undergoe  the  Operation  of  the  Air-pump.  This 
is  a Demonffration  of  what  I have  before  obferv’d 
concerning  the  Neceffity  every  Phyfician  and  Anato- 
mfi,  is  under,  of  fludying  the  Laws  of  Preffure,  or  the 
eiaffick  or  impulfive  Force  of  Air  on  human  Bodies/ 

. ,UT  to  leturn  t0  what  is  more  principally  my  Aim 
in  this  Treat  if  e,  as  to  Experiments  in  the  common  De- 
monfiiations  of  Hydroflaticks,  I have  chiefly  made  Ufe 
of  thoie,  that  the  learned  Pojle  and  Wallis  have  fet  forth 
coiioborated  and  improv’d  as  they  are,  by  the  Obferva- 
tions  and  Experiments  of  oMarnotte , Grave  fande,  and 
others  among!!  the  Foreigners,  with  thofe  of  their  reve- 
lend  and  ingenious  Tranllator  Dr.  Defaulters , by  Mef- 

D ficurs 
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fieurs  Watts,  Hawksbee , and  others  of  our  own  Country, 
who  by  their  ingenious  Le&ures  have  been  fo  great  Impro- 
vers of  hvdroftatick  and  mechanick  Knowledge.  Had 
wen  the  Riling  of  the  Water  to  its  firft  Level  or  m 
other  Words,  "had  it  been  known,  that  when  any  Re- 
fervoir  of  Water  laid  80  or  lOO  Foot,  more  or  lefs,. 
higher  than  any  fubjacent  Valley,  I fay,  that  fuch  W"a- 
te?,  when  confin’d  in  Pipes,  would  rife  to  very  near  the 
fame  Height,  on  any  Hill  on  the  other  Side  ; and  io  on 
to  any  diftant  Place,  as  it  was  before  : The  Romans , 
(thofe  great  Sages  of  all  Antiquity)  needed  not  to  have 
been  at  the  great  Expence  they  were,  in  cutting  through 
Hills,  or  to  have  rais’d  fuch  Arches  and  Cauleways  as  tney 
did,  for  the  Conveyance  of  Water  upon  one  intire  Level, 
from  one  Place  to  another,  Undertakings  fo  great,  that  no 
private  Perfon  could  poflibly  attempt,  much  lets  finilh ; 
and  which  might  have  been  done  at  a much  ciieaper 
Rate,  had  the  Knowledge  of  Hydroftaticks  been  fo 

known,  as  now  it  is.  . . 

The  Vacuum  of  the  Ancients  was  a Petition  that  in 

the  Courfe  of  this  Treatife  I could  not  help  enquiring  in- 
to; a Point  long  held  in  Debate  between  the  Philofophers 
of  old,  from  Democritus,  Leucippus , Anaxagoras ,,  ctA- 
ridotle  and  others,  to  Macedonus  Epicinonus , Cleome- 
d'es  and  Hero  Alexandras,  one  of  the  moft  celebra- 
ted Writers  in  Hydroftaticks  of  all  Antiquity,  as  they 
are  fumm’d  up  with  great  Judgment  by  Boeder,  lomc 
denying  there  was  any  fuch  Thing,  whilft  others  as  re- 
folutelf  maintain’d  it-;  feme  were  for  placing  inn  the 
fitft  others  in  the.  middle,  but  others  in  the  fublimeft 
Regions  of  the  Air : Thofe  who  were  for  it  maintaining 

that  Doctrine  (wherever  the  Pofition  of  it  was)  fay  that 

it 
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it  was  in  that  inane  or  empty  Space,  that  were  tranfafted 
all  thofe  Momentas,  of  which  Fluidity  is  compos’d ; for 
that,  contrary  to  the  Opinion  of  the  Plenifts,  one  Body 
could  not  move  in  another. 

On  the  contrary,  the  Tlenifts  deny’d  a Vacuum 
from  the  Impoftibility  there  was  of  it,  and  that  the  A- 
fcent  of  Liquors  in  a Syphon  or  Syringe  was  from  an 
Abhorrence  there  was  in  Nature  of  any  fuch  Thino-  -f 
and  from  thence  they  inferr’d,  That  Water  might  be 
rais  d to  the  greateft  Height,  by  Means  of  a Syphon  or 
Pipe,  which,  as  they  had  feen,  in  fmall  Experiments  of 
Wine,  Water,  QTV.  might  be  eafily  transferr’d  from  one 
Valley  to  another  : And  fo  long  was  this  Error  conti- 
nued, that  I have  feen  a Book  of  Machines  written, 
even  in  Queen  Elizabeth's  Time,  by  one  Ward  an  En- 
gineer, who  ventur’d  to  give  a Sketch  of  a high  Hill, 
(and  a Houfe  at  the  Bottom  or  Side)  over  which,  by 
a vaft  extended  Syphon,  the  Water  was  to  be  convey’d 
from  one  Vale  to  another. 

But  in  Anfwer  to  this,  Gallileo,  a very  ingenious 
Author  amongft  the  Italians , was  the  firft  which  found 
out  (as  the  learned  Wallis,  Cap.xiv.  pro  14.  Ta.  74?, 
of  his  Hydioflaticks,  has  it ) that  this  Fuga  <\ uacui , or 
this  Abhorrence  which  there  was  fuppos’d  to  be  in 
Nature,  of  a Vacuum , was  not  infinite,  but  circumfcrib’d 
within  certain  Limitations,  and  fubftituted  in  the 
Room  of  it  the  Equipondium , or  Equilibrium  of  Air, 
prefling  or  gravitating  upon  other  Bodies,  efpecially 
Water,  which  caufed  the  Water,  when  the  Air  was 
fuck  d out,  and  the  Ballance  loft,  to  afeend  the  Pipe, 
Pump,  or  Tube;  from  which  fome  Moderns  have  di- 
vided this  Vacuum  into  a Vacuum  dijfeminatum  feu  w- 

b z ter- 
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tcrfperftim,  and  into  a Vacuum  coacervatum , of  winch- 
more  in  its  proper  Place:  And  to  go  on,  this  ihougnt 
of  Gallileos  was  much  improv’d  by  Torricelli  his 
SuccelTor  in  an  Experiment  of  his,  which  is  already 
hinted  aq  and  which  has  put  this  Matter  beyond  all  De- 
pute ( I mean  the  Barometer ) where  he  found  by 
comparing  the  Weight  of  Water  with  Quickfilver, 
which  is  Fourteen  Times  heavier  than  Water,  that  Mer- 
cury or  Quickfilver  would  not  rife  above  25  or 
29 "inches,  and  confequently  Water  not  above  32  or 
33  Foot  at  moil;  and  indeed  by  what  I have  obierv  ., 
among!!  our  Engineers,  and  Machine  or  Pump  Makers, 
there  are  few  that  will  rely  upon  the  natural  Afcent  of 
Water,  by  the  Preflure  of  the  Atmofphere,  fo  high  as 
that  and  therefore  generally  fix  their  Suckers,  at  about 
25  or  2d  Foot  above  the  Surface  of  the  Water;  tho 
feveral  Experiments  in  Hydroflaticks  inform  us,  that 
the  lower  you  20  in  a Well,  the  higher  the  Quick- 
filver  hand  confequently  the  Water)  will  rile  ; and  the 
higher  you  afcend  towards  the  Top  of  any  Hill,  with 
the  Barometer  in  your  Hand,  the  more  the  Quickfnver 
will  fall.  From  all  which,  our  modern  Philoiophers 
have  inferr’d  (and  that  with  great  Reafon)  that  wnat 
the  Ancients  call’d  the  Fuga  vacui  ( Gallileo  tirlt  lead- 
inor  the  Way,  and  who  was  afterwards  follow  d 
2nd  improv’d  by  Torricelli , Boyle,  Wallis,  and 
a great  many  others)  was  no  other  than  the  PuU 
f10n  or  Preffure  of  external  Air,  gravitating  on  the 
Surface  of  Water,  which  could  make  it  afcend  on- 
ly to  about  32  or  33  Foot  high  at  mod ; tho  the 
Ancients,  by  Miftake,  thought  that  they  could  make  it 

mount  to  ZOO  or  300  Foot,  by  their  imaginary  Fuga 
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-t vacui  ( as  has  been  before  noted):  And  this  Obfcurity  in 
the  Ancients  was  in  a great  Meafure  owing  to  the  ini- 
perfed  Idea  they  had  of  the  Gravitation  of  Fluids  one 
upon  another,  and  of  the  Elafticity,  Dilatation,  and  Com- 
predion  of  Air,  whofe  Efteds  are  now  fo  clearly  demon- 
ftrated  in  all  modern  Calculations  and  Experiments. 

As  to  the  Firf,  I mean  the  Gravitation  and  PrdTure 
of  Fluids  one  upon  another,  and  of  every  Particle  of 
any  one  Fluid  upon  that  which  is  under  it,  that  is 
clearly  prov’d,  not  only  by  Archimedes , in  Two  excel- 
lent Books  of  his,  De  infidentibus  Humido , in  oppo- 
iition  to  the  Peripateticks , who  would  not  allow  of: 
fuch  a Gravitation,  at  leaft  That  Water  would  not  gravi- 
tate on  Water , nor  Air  on  Air , but  alfo  by  the  honou- 
rable and  ingenious  Boyle,  Wallis , and  others  and  yet. 
more  particularly  by  Q^mam,  Marriotte,  Grave  fande, 
& c.  as  they  are  judicioufly  explain’d  by  their  reverend 
and  learned  Tranflator,  Dr.  Dejaguiliers,  even  beyond- 
all  Difpute;  which  has  alfo  been  the  Occafion  of  feve- 
ral  feled  Tables,  to  be  found  in  Sir  Jonas  More's 
Compendium , O&anam's  Cur  [us,  the  Tranfadions  of  the 
Royal  Society,  and  the  like  Places. 

And  this  Gravitation  of  Fluids  one  upon  another,, 
according  to  their  refpedive  Weights,  muft  be  own’d, 
to  be  one  of  the  greateft  Momentas  in  all  Hydroftatick. 
Knowledge,  The  Weight  of  unknown  Bodies  being  found- 
out. , by  the  Weight  and  Capacity  of  thofe  that  are  known, 
as  was  that  of  King  FPiero  s Crown  fo  judicioufly  dis- 
cover’d by  Archimedes,  as  he  was  bathing  himfelf  in 
Water:  Of  which  more  in  its  proper  Place. 

The  Weight  of  Airis  not  the  leaft,  in  the  DifcoverieSr 
drat  have  been  made  in  Elydroftaticks  for  who  amongffc , 

the 
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the  Ancients  could  have  thought  that  Air  (thin  and  fubtile  as 
it  is)fhould  ever  have  been  reduc’d  to  Weight  and  Mea- 
fure ; yet  Co  it  is,  that  from  undoubted  Experiments  it 
is  found,  that  a Cylindrical  Column  of  Air,  whofe 
Diameter  is  feven  Inches,  and  its  Length  a Yard,  weighs 
about  one  Ounce  Averdufois : Nor.  will  this  be  judgd 
a needlefs  Speculation  in  Hydroftaticks,  when  we  treat 
of  the  Impulfe  of  Air  againft  the  Sails  of  Windmills, 
tfc.  if  to  it  be  added  what  M^rriotte,  and  from  him 
the  Reverend  and  ingenious  Dr.  Dejaguilters  have  from 
Experiments  fet  down,  that  though  the  Weight  of  Air  is 
fo  much  lefs  than  that  of  Water,  yet  its  Velocity  is  great- 
er : So  what  was  wanted  in  the  Gravity  of  one,  was 
fully  made  up  in  the  Elaflicity  and  Impulfe  of  the 

°LAnd  as  it  is  chiefly  owing  to  the  Induftry  of  our  modern 
Fhilofophers,  that  thefe  and  other  wonderful  Difcoveries 
relating  to  Air  are  found  out ; I mean  as  to  its  Gravity, 
Elaflicity,  Rarefaction,  Condenfation,  and  other  Dnpo- 
fitions  of  the  fame  Nature  juft  now  recited  ; fo  alfo  in 
Water,  there  are  a great  many  Difcoveries  of  the  fame 
kind  ; it  being  to  the  Labours  of  the  illuftrious  Boyle , 
we  owe  the  Knowledge,  that  13,000  Particles  of  Water 
may  hang  upon  the  Point  of  a Needle,  that  one  Drop 
of  Water  is  divifible  into  Millions  01  Parts,  and  that 
aCubick  Inch  contains  13,300  Millions  of  fuch  Va- 
pour. Had  this  been  rightly  underftood  by  the  An- 
cients they  need  not  have  laboured  fo  long  under  the 
miftaken  Notion  that  Water  fo  expanded  could  find 
Room  enough  for  fuch  fudden  Tranfmutations,  which 
they  imagin’d  were  perform’d  in  the  Bowels  of  the  Eaith 
for  the  regular  Supply  of  all  Perennial  Springs. 


But 
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B u t to  return  to  the  farther  Account  of  this  Elaftici- 
ty  of  Air,  from  which  this  laft  Paragraph  is  a kind  of  Di~ 
greflion,  ’tis  there  may  be  feen  a wonderful  Work  in  Na- 
ture, and  without  which  there  would  foon  follow  a Stag- 
nation, and  confequently  an  Annihilation  of  all  fublunary 
Things;  and  that  contrary  to  the  Opinion  of  the  Plemfts 
and  Vacmfts,  thofe  Enemies  to  Reafon,  it  is  fo  made 
as  to  recede  and  give  Place  to  all  Bodies  whatfoever,. 
which  are  more  Weighty  and  Ponderous  than  it  felf, 
returning  afterwards  to  its  firft  Pofition,  and  maintaining 
its  fluctuating  Motion;  and  that  it  fhould  at  the 
fame  Time  be  capable  of  Dilatation  and'Compreffion: 
to  fuch  an  infinite  Degree,  is  what  at  fiift  Sight  feems  im- 
poBible ; Difcoveries  which  have  had  their  Rife  chiefly  to 
the  Induftry  of  die  laft  Century,  and  to  the  immortal  Ho- 
nour of  the  Rojal  Society , and  its  noble  and  ingenious  Pro- 
feffors : Nor  will  that  excellent  Difcourfe  of  the  Honou- 
rable Mr.  Boyle  againft  Linus,  Hobbs , dec.  on  this  Sub - 
je<5t,  be,  tis  hop’d,  ever  forgot,  as  long  as  good  Litera^ 
cure  has  any  Being  in  thefe  Kingdoms. 

Who  amongft  the  Ancients  (and  indeed  fome  Mo- 
derns) could  have  thought  that  Air  could  be  dilated 
beyond  its  ordinary  Capacity,  as  1^,769  is  to  1 ; and 
that  it  could  be  comprefs’d  as  40  to  1 ; fo  that  the 
Difference  between  expanded  and  contracted  Air,  is  as. 
550,760  to  1 ; or  by  a running  Number,  as  550,000 
atg  lead ; let  me  give  it  in  the  learned  Wallis's  own 
Woids,  Vt  Qninquies  Centena  quinquaginta  fMilha, 
ad  mum , 0\  quanto , per  Media  ohm  forte  Excogitanda, 
Bern  overt  adhuc  pojjlt  ab  invicem  uterque  *T  erminus  con- 
jtcere  non  vdemus.  Vid.  Wallis,  De  Hydrofl  Prop . 15,. 
Cap.  XI V.. 

T H I s. 
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This  Dilatation  and  Comprefiion  of  Air  beyond 
and  within  its  natural  State,  points  out  the  great  Mi- 
flake  of  Jriflotle  and  his  Followers,  who  imagin’d 
that  Springs  have  their  Rife  from  Air  which  is  con- 
dens’d in  the  Bowels  and  large  Vaults  of  the  Harch  : 
Air  being  to  Water  proportionably,  as  800  to  i.  The 
Water  then  riling  in  the  River  Seine , as  defcribed  by 
Marrioite , mull  have  a Cavern  of  Air  to  lupply  it 
(could  there  be  fuch  a fudden  Tranfmutation  of  E- 
lements)  of  i do, COO  Cubick  Feet  to  lupply  it  a Mi- 
nute, of  9,800,000,000  Cubick  Feet  to  lupply  it  an 

Hour;  and  of  210,400,000,000  Cubick  Feet  to  lupply 
it  24  Hours,  or  a Day  natural  j and  57  1,6 10,000, 000,000 
a whole  Year;  where  any  Inch  are  to  be  found,  there  is 
no  Body  which  I ever  heard  of,  that  knows ; for  this  laft, 
bein reduced,  produces  upwards  of  30CO  Cubical 
Miles,  to  fuch  great  Abfurdities  are  thole  Things  carryed, 
whofe  Demonftrations  are  Philofophical  ana  Speculative, 
rather  than  Mechanical. 

But  Ihould  we  for  once  admit  that  there  can  be  tucli 
a fudden  Tranfmutation  of  Air  into  Water,  and  which 
pollibly  might  be  tranfadted  in  fo  fliort  a Time  as  a 
Minute,  (tho*  that  is  an  Allowance  infinitely  wide  ol 
Truth)  fuch  a Receptacle  ought  to  be  500  Foot  cubical  ; 
and  if  they  were  to  be  divided  into  8,  10,  or  12 
Tarts,  their  Capacities  would  be  infinitely  larger  than 
any  one  that  was  ever  yet  keen  or  met  with  for  that 
Purpofe,  at  lead  that  have  fallen  in  the  Compafs  of  my 

Oblervation.  . _ ^ 

To  proceed,  the  Gravity,  Elalhcity,  Comprefiion, 

and  Dilatation  of  Air  and  other  Fluids,  is  a Subject, 

that  if  traced  through  all  its  various  Circumftances,  is 

0 molt 
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mod  wonderful  and  amazing,  from  whence  and  how- 
ever fituated,  or  of  what  Parts  this  Elafticity  is  compo- 
fed : I fhall,  with  the  learned  Wallis,  not  fpend  much 
Time  in  delineating ; fome  fay  of  it,  That  it  confifts  of 
innumerable  Quantity  of  Threads  or  Fibres,  and  have 
com  pa  i u it  to  a Fleece  of  Wool,  or  perhaps  more 
properly  to  a Lock  of  curl’d  Hair,  which  you  may  com- 
pieis  in  your  Hand  ; yet  after  that  Compreffion  is  over, 
it  will,  like  a Spring,  return  to  its  former  State  again  ; 
but  others,  not  pleas’d  with  this  Definition,  would  ra- 
ther fuppofe,  that  Airis  compos’d  of  an  infinite  Num- 
bei  of  Corpufcles,  or  little  round  Bodies,  which,  bv 
the  Laws  of  Motion,  joftle  and  recede  from  each  other 
giving  Place  to  all  heavier  Bodies  whatever,  which  come  in 
its  Way  ; and  after  that,  return  into  its  Place  acrain. 

Wallis  fays,  That  there  is  a Kind  of  Elafticity,  even 
in  Maible,  Earthen  Waie,  and  in  innumerable  other 
hard  Things,  which  is  difcoverable  by  their  Sound,  when 
ftruck  with  a Hammer,  or  any  other  Inftrument;  but 
that  in  Fabt  there  is  no  Account  of  Elafticity,  fo  plain 
as  that  of  a Steel  Sword,  which  though  bent  a confide- 
rable  Time,  will,  efpecially  if  it  be  touch’d  with  a 
Loadftone,  unbend  it  felf  again  \ Nor  does  he  forbear 
to  afcribe  a certain  Degree  of  Elafticity  even  to  Lead 
it  felf;  but  the  greateft  Inftance  of  Elafticity  (if  I 
may,  fo  call  it ) that  I have  ever  obferv’d,  is*  that  of 
mill’d  Lead,  which  being  comprefs’d  to  a great  De- 
gree in  its  Pafiage,  between  two  Bowls  in  the  Mill, 
that  all  the  Pores  are  fo  clos’d,  as  that  one  would  be- 
lieve they  would  never  retraft  again ; yet  upon  its  Ex- 
pofure  to  the  Sun  and  Air,  thole  comprefs’d  Parts  will 
tear  and  diftever  from  one  another,  being  impatient  of 
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that  Imprifonment,  and  to  endeavour  to  aflume  as 
much  as  pohible  its  natural  State  again;  to  ufe  the 
Words  of  the  learned  Wallis  •,  in  an  Obfeivation 
of  this  Kind : So  great  is  the  Jffettion , even  of 

inanimate  Beings , to  return  to  that  £ option,  in  which 
Nature,  or  rather  God  Almighty , the  great  Author 

and  Architect  of  the  Vniverfe , fir  ft  fiac  d them. 

The  Impulfe  of  the  Air,  and  other  Fluids  (of  Ail 

efpecially ) is  next  to  be  confider’d,  being  a Subjed  of 
that  Ufe  in  Hydroftaticks,  as  well  as  Hydraulicks,  that  I 
have  been  from  the  laborious  Marnotte  very  particular 
in  it ; fince  ’tis  on  this,  that  the  Celerity  of  the  Wheels, 
and  the  cylinderical  Weight  of  Water  that  they  can  raife 
or  drive,  that  all  Calculations  in  Engine  Work  (efpecially 
Wind-mills  depends,)  which  may  eitner  <zo  too  faft  or 
too  flow,  as  the  Impulfe  of  the  Air  or  Wind  is : Noi 
is  it  of  lefs  Ufe  in  Water  Engines,  where  there  is  but  a 


•>) 


little  Water  to  drive  the  Wheel,  (as  it  often  happens  , 
and  where  the  great  Wafte  and  Expence  of  it  (were  we 
to  put  on  more  than  there  is  really  Occafion  for)  would 
prove  of  very  ill  Confequence.  In  the  Theory  of  this, 
we  {hall  alfo  find  feme  very  curious  Obfervations  in 
Nature,  which,  when  reduc’d  to  Practice,  may  be  o.  very 
erteat  Service  in  feveral  Parts  of  mechamck  and  phuo- 
fophick  Experiments.  And  thus  have  I given  a fliort 
Account  of  what  is  to  be  expeded  from  the  fecond  Book 
of  this  Volume,  which  treats  of  Hydroflaticks.  I pro- 

The  third  Book,  which  is  particularly  apply  d to 
Hydraulicks,  a Part  of  mechamck  Knowledge  fo  very 
ufeful,  that  no  Body  fhould  be  without  it,  though  it 
mufl  be  confefs’d,  it  is  generally  not  fo  well  under- 
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flood  as  it  might  be,  except  by  fome  few  Workmen  : 
Nor  were  the  Ancients,  as  will  appear  by  the  Courfe  of 
this  Treatife,  acquainted  with  it  all,  at  leaft  not  in 
fuch  a Manner,  as  that  they  could  thereby  raife  what 
Water  was  wanted  to  any  great  Heights,  or  well  drain  any 
Mine  or  Cittern  that  lay  fo  deep  as  now  we  do  : Thole 
deferib’d  by  Vitruvius,  and  others  amongft  the  Romans , 
being  mean  and  trifling,  in  Comparifon  of  thofe,  En- 
gineers now  produce. 

’T  i s to  Archimedes,  Arijiotle,  and  others  amongft 
the  Ancients,  that  we  owe  thofe  Principles  of  Staticks 
and  Mechanicks,  that  naturally  lead  to  the  Practice  of 
tiie  Subjeff  we  are  upon,  improv’d  as  it  has  been  by 
Wallis,  and  fome  other  latter  Writers ; fo  that  the 
practical  Part  of  it  has  receiv’d  moft  conliderable  Ad- 
ditions to  it,  from  Hero  Alexandrinus , Rockier , Sir  Jo- 
nas Moore,  Sir  Samuel  Moorland \ and  other  Authors 
of  undoubted  Repute  in  the  two  laft  Centuries ; and  may 
I not  add,  for  the  Honour  of  the  prefent  Age,  and  that 
which  is  juft  paft  by,  we  have  or  lately  had  our  Sorocolds , 
Saverys,  Defaguliers  s,  Hollands , with  a great  many  o- 
thers,  of  great,  as  well  as  inferior  Note,  who  have  brought 
the  Practice  of  Engines  into  great  Ufe : But  it  muft  be 
own  d at  the  lame  Time,  that  how  greatly  foever  Gentle- 
men and  others,  that  have  often  Occafion  of  thefe  Things, 
are  vers  d in  the  Theory ; yet  thePrabfice  is  fomewhat  dif- 
ficult, nor  is  it  fo  well  known  to  them,  as  to  judge  when 
they  are  well  or  ill  us’d,  or  whether  their  Undertakings 
are  likely  to  fucceed  or  not. 

The  Scyphon  is  the  firft  Machine  I have  endea- 
vour d to  defcribe  and  improve,  and  alfo  what  Conclu- 
fions  may  be  drawn  from  fmall  Experiments,  (as  de- 
i c z canting 
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canting  of  Wine,  f$c.)  for  the  Benefic  of  thofc  which  are 
ar^er ; and  here  I have  taken  in  the  moft  material  Ex- 
periments of  Cravejande , M.arriotte , ' Dejaguiliers , and 
others,  who  have  put  its  Ufes  beyond  Difpute. 

The  Second  Inftrument  I have  at  large  defcrib’d,  is 
the  Limace  or  Skrew  of  Archimedes , with  which,  it  is 
faid,  he  drew  off  the  great  Inundations  of  Egypt,  when 
the  Nile  tranfgrefs’d  its  Bounds,  and  is  now  indeed  lit- 
tle other  (though  perhaps  fomcwhat  improved)  than 
what  is  fo  much  magnified  in  the  draining  off  Fifh- 
Ponds,  0V.  where  the  Current  is  too  dead  to  carry  it 
off  by  Nature. 

The  Antlia , or  Pump  of  Cetfibus , fo  much  fam  d 
by  the  Ancients,  (and  fo  much  better  underftood  and  im- 
prov’d by  the  Moderns,)  is  certainly  the  Mother  of  all 
Hydraulick  Machines ; in  the  Explanation  of  which,  I 
have  endeavour’d  by  Drafts  and  otherwife,  to  demon- 
ftrate  its  Ufes,  and  the  fevcral  belt  Kinds  of  which  it 
is  compofed. 

I then  proceed  to  compound  Engines , ( after  a 
{hort  View  of  the  Chain  Pump  fo  much  improved  by 
Mr.  Holland ) and  take  along  with  me  their  feveral 
Kinds,  whether  in  Crank  or  Chain  Work ; or  which  is 
now  more  in  Ufe,  the  vibrating  Leaver,  drove  as  they 
are  all  by  Wind  or  Water,  by  Overfhot,  Underfhot,  or 
Horizontal  Wheels ; in  all  which,  I muft  own  my  felf 
much  indebted  to  the  ingenious  Eockler  in  his  ‘Theatro 
tgMachinorum , as  well  as  to*  the  Improvements  made  by 
Meff.  Sorocold,  Alder fea,  Nevjjham , &c.  Nor  ffall  I flop 
here,  but  with  fome  Pains  and  Expence  procure  the 
Plans  Profiles,  or  Perfpedives  of  fome  of  the  beft 

Engines 
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Engines  now  in  Ufe,  with  their  Defcriptions  and  the  like, 
that  fo  I may  perfed  what  I intended  under  this  Head. 

Lastly,  and  to  conclude  this  third  Book,  I have 
given  a full  and  ample  Account  of  the  Fire  Engine,  the 
Invention  of  my  late  worthy  and  ingenious  Friend 
Captain  Savery  \ an  Invention  of  that  Ingenuity  and  Ufe, 
if  I may  be  allow’d  to  ufe  the  Words  of  the  laborious 
Harris  in  his  Lexicon  TTechnicum , that  it  may  be  juftly  ac- 
counted one  of  the  greateft  Pieces  of  Art,  that  perhaps 
this  or  any  other  Country  has  yet  produc’d ; this  together 
with  the  Improvements  made  by  Mr.  Newfham , &c.  as 
alfo  an  Account  of  Engines  for  draining  Fens,  puting  out 
of  Fire,  driving  of  Mills,  which  fimfhes  this  3d  Book. 

The  laft  Book  of  this  Treatife,  and  which  is  indeed 
the  Sum  and  Corollary  of  the  former  three  reduc’d  to 
Pradice,  is  concerning  the  Quantity  of  Water  that  comes 
in  from  Springs  or  Engines,  and  the  Expence  thereof, 
in  Fountains,  Canals,  Cafcades,  & c.  deduc’d  not  only 
from  the  Experiments  of  cfAdarriotte,  but  from  the 
known  Quantity  that  feveral  Engines  and  Springs  give, 
corroborated  by  Pradice  and  Experience. 

But  as  the  chief  Principles  and  Experiments  of  this 
Part  of  Hydroftatick  and  Hydraulick  Knowledge  are  de- 
duc’d from  Gallileo , ‘Torricelli  and  others,  who  have 
made  fome  E flays  towards  it  in  their  invaluable  Trads 
of  the  Acceleration  of  Bodies ; and  as  the  whole  has 
been  enlarg’d  upon  and  explained  by  few,  except  .Mar- 
riott e and  his  Rev.  and  Ingenious  Tranflator,  I have  found 
my  felf  at  fome  Lofs  how  to  reduce  it  to  Englifh  Prac- 
tice, the  Difference  between  the  Meafures  of  England 
and  France , being  greater  than  at  firfh  View  they  may  ap- 
pear to  be  ; fo  that  an  Englifhman  who  goes  about  to 

calculate 
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calculate  by  the  Pint,  Gallon,  Maid,  or  any  other  Me* 
Pure  of  France , compar’d  with  thofe  of  our  own  Coun- 
try, would  find  himfelf  greatly  at  a Lofs  to  come  at 

the  Truth  of  his  Calculation. 

I need  not  enumerate,  in  this  Place,  the  Methods  I 
have  taken  to  reconcile  thefe  two  Kinds  of  Meafures 
(which  are  fo  neceffary  to  be  known)  one  to  another,  for 
the  Explanation  of  the  curious  Examens  of  our  oft-quo- 
ted Authors,  on  whom  every  Body  relies  for  the  Theo- 
ry of  this  ufeful  Part  of  Mechanical  Knowledge  : Be- 
caufe  that  will  appear  more  plainly  in  the  Courle  or  the 
enfuing  Treatife,  and  would  have  been  too  long  to  in- 
fert  here ; but  the  Reader  may  take  it  for  granted,  that  I 
have  (with  as  much  Exadnefs  as  I polfibly  could)  regu- 
lated and  compared  them  both  together  3 conftantly  re- 
taining nevcrthelefs  fo  much  of  the  French  as  relates  to 
the  Diameter  of  the  Pipes  of  Conduit,  Adjutages,  or 
Holes  through  which  the  Water  fp  outs  5 becaufe  I fup- 
pofed  that  the  endeavouring  to  alter  them,  would  lull 
make  my  Calculations  from  ^Marriotte  the  more  diffi- 
cult ; when  I have  Occafion  therefore  to  mention  an 
Adjutage  Pipe,  or  Bore  of  an  Inch  Diameter,  I would 
be  underftood  ftill  to  mean  that  of  the  French  Mea- 
fure,  which  is  in  {ingle  Numbers  to  the  Englt/h,  as  16 
is  to  15,  or  when  fuperficially  taken,  as  2^6  is  to  21J, 
or  farther,  if  folidly  taken,  as  40  9 6,  is  to  3375. 

The  chief  Additions  I have  made  to  this  Part  of 
my  Undertaking  is,  as  has  been  above  hinted  at,  an  Ac- 
count of  the  feveral  Rules  in  Arithmetic^,  as  alfo  Tacles 
of  the  feveral  Weights  and  Meafures  of  England,  as 
fix’d  by  Statutes,  and  Ads  of  Parliament,  and  Excile, 

compar’d  with  the  French , preceding  the  Pradica.  Cal- 
r culation 
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culation  of  the  coming  in,  and  the  Diftribution  and  Ex- 
pence of  Water  in  Villa’s,  Cafcades,  &c.  which  Tables 
I have  enlarg’d  from  Marriotte , and  have  alfo  given 
Rules  for  the  Thicknefs  of  Lead  in  Pipes  of  Conduit  or 
otherwife*,  which  was  not  done  by  Marriotte , whofe 
Calculations  were  without  doubt  for  Copper. 

Then  in  the  lafl  Place,  I have  added  fome  Tables 
of  the  Cylinderical  Weight  of  Water,  that  muff  of 
Gourfe  be  on  all  Engines  in  the  railing  it  to  great 
Heights ; which  when  added  to  the  Fridtion  that  muff 
neceffarily  arife  from  the  great  Length  and  Diftance  of 
Pipes,  together  with  the  progreffive  Addition  that  is  in 
every  determinate  Number  of  Yards,  in  die  railing  of 
Water  to  thofe  great  Heights,  will  make  the  Load  that 
lies  on  the  Tail  of  a Mill  Wheel,  (and  which  ought  to  be 
well  underftood)  to  be  as  it  were  immenfe. 

Th  u s in  a Pipe  of  Conduit  of  4 or  4 ~ Inches  Diame- 
ter, which  is  often  the  Size  of  a Pipe  for  the  railing 
of  Water  100  or  110  Foot  high,  I lay  in  fuch  a Cafe, 
and  where  the  Water  runs  a great  Way,  as  fuppofe  1 5 
or  1600  Yards,  the  Cylinderical  Weight  of  Water  en- 
creafes  to  a very  great  Degree. 

I t will  be  found  by  thofe  Tables,  that  in  every  Yard 
running  of  Pipe  (being  7 Inches  in  Diameter ) there  is 
5y/-  5 ozj.  ~ Averdupois  Weight;  or  to  give  it  in 
Fractions  for  the  more  exadt  multiplying  of  it,  there  is 
917  oZj.  95481  pts,  which  when  multiplied  by  idOQ, 
the  Number  of  Yards  in  the  fuppofed  Length,  the  An- 
fwer  is  91795 /.  48100^^,  which  is  being  reduced 
to  Hundred  Weights  of  ill  L 817/.  Weight,  and 
91/.  which  added  to  the  Friction  and  the  progreffive 
additional  Weight  that  happens  in  fuch  great  Lengths 
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and  Heights,  fuch  a Wheel  cannot  fuftain  lefs  than 
1100  /.  Weight,  were  it  fuppos’d  to  bety’d  to  the  Tail 
thereof;  fo  well  worth  the  while  are  Calculations  of 
this  Kind,  for  the  Difcovery  of  what  Strength  the  Wheel 
and  all  other  Parts  of  fuch  a Machine  ought  to  *be  ; and 
alfo  the  Quantity  and  Expence  of  Water  neceffary  to 
drive  it,  and  fupply  the  Pipe  of  Conduit  at  the  fame 
Time  : Nor  have  I taken  this  altogether  from  Theory, 
but  from  Practice  and  Experience  it  felf,  as  it  is  found 
in  fome  of  the  beft  Engines  that  have  been  ereded  in 
this  Part  of  Great  Britain  as  before  noted. 

Agreeable  to  this,  I have  not  been  fatisfied  in  what 
oZMarriotte , and  others  have  faid  of  the  coming  in  of 
Water  (efpecially  from  Engines)  and  that  for  the  Rea- 
fons  abovemention’d ; for  tho’  the  coming  in  of  Water 
from  a Spring,  where  the  Diftance  is  not  great,  and  where 
the  Water  is"  not  to  pafs  dver  Hill  and  Dale,  may  by  its 
regular  and  uniform  Motion  produce  the  Quantities  it  is 
generally  eflimated  it  will,  yet  the  Interfpace  there  is 
between  the  Stroke  of  every  Pifton,  fuppofing  there  are 
1 or  3 (for  more  are  not  neceffary)  added  to  the  Fric- 
tion which  is  in  great  Lengths,  no  certain  Ku  kcsr  be 
laid  down,  rightly  to  determine  one’s  Pradice. 

To  this  may  be  added,  what  an  ingenious  Gentleman, 
and  curious  Obferver  of  Works  of  this  Nature  has  re- 
mark’d ; (Wo-)  that  the  Interpofition  there  is  of  Air  (not- 
withftanding  the  putting  in  of  Wind-cocks)  called  as  it 
is  by  Workmen  (the  Wind  Bomdednefs  of  Pipes,)  is 
more  or  lefs,  according  as  the  Shell  of  the  Pipes  of 
Conduit  are  larger  or  more  or  lefs  folid  or  porous ; thus 
Elm  Pipe,  being  porous,  gives  way  for  the  Air,  which  is 

I naturally 
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naturally  comprefs’d  by  the  more  folid  and  clofer 
Contexture  of  Iron,  Lead  or  Earth,  all  which  makes 
a confiderable  Alteration  in  the  Quantity  of  Water 
which  Engines  produce. 

Besides,  the  ingenious  Tranflator  of  Marriott  e,  in 
Conjunction  with  the  Reverend  Mr.  Lozvthrope  (who 
was  well-knowing  in  Works  of  this  Kind)  fays,  from 
Experience  Pag.  189  of  Marriottes  Hydroftaticks  ; that 
altho’  through  a Hole  of  1 Inch  f which  according  to  our 
French  Author  ought  to  give  nine  Tun  of  Water  in 
an  Hour;  yet  at  the  Diftance  of  14.00  Yards  through 
a Pipe  of  that  Bore  which  went  all  the  Way,  it  did 
not  give  above  five  Tun  in  an  Hour ; and  what  was 
furprizing  in  Experiments  of  that  Nature,  was,  that  the 
Quantity  of  Water  dimimih’d  rather  in  Proportion  to 
the  Length  it  did  run,  than  to  the  Friction  on  the 
Sides  of  the  Pipes ; for  if  a feven  Inch  Pipe  (fay  thofe 
induftrious  Experimenters)  and  a three  Inch  Pipe  run 
the  fame  Length,  as  for  Example  a Mile ; the  Deficien- 
cy will  not  be  on  Account  of  the  Friction,  but  nearly 
in  Proportion  to  the  Quantity  of  Water  that  each  Pipe 
ought  to  give,  which  is  alfo  confirm’d  by  all  the  Cal- 
culations I have  been  able  to  make  from  thefe  and  o- 
ther  Experiments,  and  is  a Confirmation  of  what  the  in- 
genious Gentleman  I have  juft  now  nam’d  has  ob~ 
ferv’d  on  this  Head. 

B r the  fame  Rules  alfo  that  we  calculate  the  coming 
in  of  Water,  we  calculate  the  going  out  or  Expence 
of  it,  in  Cafcades  and  Fountains,  with  this  Difference ; 
that  where  the  Water  goes  down  a Cafcade,  or  fpouts 
out  through  an  Adjutage  or  Pipe  of  ConduCt,  where 

e the 
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the  Fall  is  regular,  and  the  Height  of  the  Refervoir 
and  Pipe  of  ConduCt  proportionable;  there  the  Wa- 
ter is  more  certain  in  its  Expence  than  it  can  be  in  its 
comin^  in,  under  the  Circumftances  beforemention  d, 
except^  it  be  from  a Spring  or  Refervoir  which  lies 
near  at  hand,  and  where  the  Motion  is  uniform,  con- 

ftant  and  regular.  i „ 

The  laft  thing,  and  which  is  indeed  the  Corollary 

or  Refult  of  all  the  rdf,  is  fome  Defigns  of  Grotto’s, 
Canals,  Cafcades,  Bafins,  &c.  in  which  Water  is  fhew  d 
to  the  beff  Advantage,  and  in  a more  natural  ealy 
Manner  than  is  ufually  practis’d ; becaufe  it  is  for  want 
of  this  cheap  and  eafy  Way,  that  I judge  many  great 
Defigns  have  not  had  'Water  brought  to  them,  nor  ex- 
plain’d as  it  ought,  I mean  to  that  Expence  that  too 
often  is  in  fine  Grotts,  Caves  and  Cafcades. 

j remember  fome  few  Years  ago  to  have  feen  in  Hol- 
land a very  fine  one  of  the  fir  ft  Kind,  which  tho  not  a- 
bove  ii  or  14  Foot  wide  coft  eleven  hundred  Pounds, 
let  as  it  was  with  coftly  Shells  and  other  glittering  Works, 
which  made  it  appear  like  a tinfell’d  hobby  Horfe,  rather 
than  a- Work  of  Nature;  and  there  are  now  in  England 
fome  Works  of  this  Kind,  tho’  fomething  rougher,  that 
came  to  four  or  five  hundred ; tho’  I am  perfuaded  that  as 
’tis  a known  Maxim,  That  the  nearer  we  approach  Nature 
the  better  it  is ; fo  a rude  grottefque  Piece  of  Work  of 
this  Kind  may  be  done  for  lefs  than  a Hundred,  lince 
tis  not  in  the  Beauty  of  the  Materials,  but  the  Propor- 
tion of  the  Work,  that  this  and  moft  other  Works  in 
Architecture  confift. 

The  fame  thing  I have  obferv  d in  Cafcade  Works, 

which  are  generally  made  fo  fmooth  and  fine  that  the 
D W/ater 
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Water  is  not  broke  to  Pieces  in  its  Fall,  and  confequent-. 
ly  the  Beauty  of  it  is  greatly  loft,  tho’  at  the  fame  Time 
the  Expence  has  been  immenfely  great,  as  is  vifible  in 
one  or  two  noted  Places  of  this  Kind ; but  this  I have 
endeavour’d  to  remedy  by  fome  more  rural  and  grot- 
tefque  Defigns. 

And  thus  have  I given  as  fuccind  an  Account  as 
I can,  of  the  Purport  of  the  enfuing  Treatife,  in  the 
Courfe  of  which  I have  all  along  paid  all  the  juft  Ac- 
knowledgments which  are  due  to  the  Labours  and  Wri- 
tings of:  thole,  both  among  the  Ancients  and  Moderns, 
who  have  gone  before  me,  even  from  Ariflotle  and 
Archimedes,  Democritus , Leucippus , Anaxagoras  and 
others  amongft  the  Ancients,  to  Macedonus , Epicmonus , 
Cleomedes , Vitruvius,  Hero  Alexandrinus  and  others 
of  their  Succeftors.  As  alfo  to  Galhleo,  7 orricelli,  Boyle, 
Wallis  &c.  amongft  thofe  which  are  of  a more  modern 
Date.  To  give  a ftiort  Account  of  them, 

Ariftotle  was  a well  know  Philofopher,  Mafter  of  A- 
lexander  and  the  Peripateticks,  who  as  he  wrote  of  almoft 
every  thing,  ’tis  no  Wonder,  he  fhould  be  miftaken  in 
fome,  as  he  certainly  was  in  the  Original  and  Rife 
of  Springs,  the  Gravitation  of  Fluids  He  wrote 

feveral  Books  in  Mechanicks,  and  was  undoubtedly  a 
great  Proficient  in  the  Principles  of  that  Science. 

Archimedes  was  a greater  and  more  folid  Mathema- 
tician than  any  which  wrote  amongft  the  Ancients  (not 
excepting  Euclid  himfelf)  he  was  an  Inhabitant  of  the 
ancient  Syracufe , and  was  as  fome  fay  knock’d  on  the 
Head  whilft  he  was  bufively  employing  himfelf  in 
drawing  Lines  for  its  Defence  there  are  two  Books 
of  his  now  extant  which  relate  to  Hydroftaticks,  and 

e z which 
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which  are  publifli’d  by  Bifhop  Barrow  (amongft  many 
other  of  his  Works)  entituled  de  Infidentibm  Hurmdo, 
to  which  I have  had  recourfe  in  this  Treatife.  _ 

H e was  the  firft  that  difcover’d  the  fpecifick  Gra- 
vities of  different  Bodies,  which,  as  the  Story'  fays, 
came  into  his  Head  when  he  was  in  the  Bath ; becaule 
having  obferv’d  that  his  Body  rais’d  the  Water  in  Pro- 
portion  to  the  Room  it  took  up,  he  guefs  d that  by 
that  Means  he  might  eafily  find  out  whether  there  was 
any  Silver  mixt  in  King  Aieros  Crown,  by  finding  by 
the  different  Weights  of  each,  how  much  more  Cold 
prefs’d  upon  the  Water  more  than  filver  did. 

Democritus , Leucippus,  Anaxagoras,  and  others  be- 
fore nam’d  were  all  of  them  Studiers  of  Hydroftaticks, 
but  wrote  differently  one  again!!  another,  and  main- 
tain’d with  great  Vehemence  the  Difputes  whici  long 
fubfifted  amongft  them,  concerning  the  Vacuum  and  Ple- 
num ; whofe  Opinions  are  all  judiciouily  lum  d up  by 
Bockler  in  one  of  his  Treatifes  of  Hydroftaticks  which 
is  now  eafily  to  be  had  in  any  of  the  Bookfellers 

%h°Viir,mus  is  an  Author  too  well  known  for  me  to 
enlarge  on  his  Charafter,  but  who  (amongft  others  of 
his  elaborate  and  ingenious  Writings)  has  diftinguifb  d 
himfelf  well  in  Hydroftaticks  or  Water-works,  eipecialiy 
the  Method  praftis’d  amongft  the  Romans  in  the  Con- 
veyance of  their  Water  from  one  Place  to  another,  and 
of' the  Engines  at  that  Time  in  ufe. 

Hero  Alexandrians  is  the  next  1 ft  ail  mention  on 
Account  of  his  great  Skill  in  Hydroftaticks,  and  whofe 
Writings  are  all  or  moil  of  them  now  in  print,  and 
abridg'd  by  Bockler  and  others ; by  all  which  it  appears 
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that  this  elaborate  Author  had  not  found  out  the  real 
Afcent  of  Water  in  Tubes  or  Pipes  of  Conduct,  but 
that  he  labour’d  under,  and  was  as  it  were  cruciated  be- 
tween the  fo  much  contended  Difputes  of  the  Vacuifts 
and  Plenifts. 

GaUileo  and  Torricelli  were  of  later  Date,  being;  Ar- 
chitects to  one  of  the  Great  Dukes  of  lul'cany  fiuccef- 
fively  one  after  another  in  the  1 5th  Century.  Galli- 
leo  was  the  fir  ft  that  deftroy’d  the  Notion  of  a Vacuum , 
and  that  found  out  that  the  Afcent  of  Liquids  in 
Tubes  was  from  an  Equipondium  of  Air  preffing 
thereon,  and  not  from  the  Fuga  Vacui  fo  much  talked 
of,  and  this  was  much  improv’d  by  his  Succeftor  in  the 
Barometer  which  is  always  like  to  carry  his  Name. 

The  learned  Boyle,  Wallis  and  others,  were  (as  they 
had  great  Reafon)  tight  Sticklers  for  this  Opinion,  as  was 
Morinus , Ghetaldus , Stevinus  and  others  mention’d  by 
Mr.  Boyle,  and  alfo  againft  that  Opinion  of  the  Peri- 
pateticks  which  maintain’d  Quod  Aquam  non gravitare 
in  aqua  \ nec  aerem  in  aere. 

This  the  learned  Boyle  has,  in  Conjunction  with 
Wallis , fufficiently  refuted,  and  alfo  have  from  the  firft 
Principles  of  Archimedes  fufficiently  explain’d  thefe  great 
Principles  in  hydroftatick  Knowledge.  The  firft  of  thefe 
learned  Authors  was  (as  he  himfelf  hints  at)  attack’d 
by  a bold  north  Britain  whom  he  does  not  name ; 
but  I take  to  be  one  Sinclair , who  has  alfo  wrote  a 
Treatife  on  Hydroftaticks,  which  is  now  to  be  had  in 
fome  Bookfellers  Shops,  but  this  was  but  a ftiort  Dif- 
pute  in  Comparifon  of  that  which  he  maintain’d  againfl 
Hobbs  and  Linus  concerning  Air,  which  is  alfo  bound 
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up  in  his  Works.  This  noble  Perfon  was  too  great  a Man 
for  me  to  attempt  to  draw  his  Character. 

Wallis  was  a Cotemporary  of  his,  and  was  by  much 
a too  hard  headed  Man  for  any  of  his  Antagonifts,  as 
Hiftory  and  many  other  of  his  Works  do  evince. 

( SMarriotte , Gravefande , Plot  Hooke,  &c.  are  all  of 
them  Followers  of  the  eminent  Authors  1 have  juft  now 
nam’d,  tho’  the  two  firft  has  with  the  Adiflance  of  their 
Tranllator  much  improv’d  upon  the  other  Authors 3 nor 
mull  Dr.  Keil  the  ingenious  Profeffor  of  Affronomy  in 
the  University  of  Oxford  be  forgot  on  this  Occafion. 

Having  thus  paid  a fhort  Tribute  to  the  Memory 
of  thofe  "teat  Men  who  are  dead,  at  lead  abfent  from 
us,  I come  to  make  my  juft  Acknowledgments  to  thofe 
of'  the  Nobility,  Gentry,  Clergy,  and  Artificers  now 
alive,  who  have  been  abiding  to  me  in  this  Work. 
Andhere  I mud;  acknowledge  the  Favours  receiv’d  from 
the  Reverend  and  ingenious  Mr.  Samuel  Lmdfey  Chap- 
lain to  the  late  Lord  and  Lady  ‘Brooke,  who  pointed 
out  to  me  all  or  mod;  of  thofe  Books  from  which  I 
have  extracted  this  "Work.  To  the  Works  of  the  Rev. 
Dr.  cDe\aguiliers  it  is  1 in  a great  Meafure  owe  all  that  is 
valuable  111  it,  nor  can  I pads' by  in  Silence  the  good  Will 
exprefs’d  to  me  by  the  ingenious  Mr.  Mills  chief  Survey- 
or of  the  new  River  Company,  whom  I have  Occafion 
to  mention  anonymoufly  in  feveral  Parts  of  the  follow- 
ing Treatife. 

O n E of  the  lad:  things  I have  to  do  in  this  Pre- 
face is  to  beg  the  favourable  and  candid  Conftrudtion  of 
all  thofe  Noblemen  and  Gentlemen  who  have  encou- 
rag’d thisUndrtaking,  and  are  plead  to  give  themelves 
the  Trouble  of  reading  it.  The  Errors  are  not  I hope 
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large  nor  many,  but  in  the  Hurry  in  which  my  other  Bu- 
finefs  is,  ’twas  impoffible  to  avoid  fome  (tho’  ’tis  hop’d 
few)  of  thofe  Erratas,  which  are  incident  even  to  thofe 
who  have  much  more  Leifure  than  I have;  fuch  as  er- 
roneous Concords,  Mifpointings,  and  the  like.  For  it 
has  fo  happened,  that  the  Proofs  having  been  fent  to 
me  in  the  feveral  Countries  where  I have  been  in  my 
Employ,  I had  neither  the  original  Copy,  nor  fo  much 
Leifure  as  1 could  have  wifh’d  for  to  correct  the  Errors 
of  the  Prefs ; but  was  forced  to  depend  on  Strength 
of  Memory  ; and  this  may  have  occafion’d  fome  little 
Enois  in  the  Quotations  1 have  made  from  ancient  Au- 
thors, all  which,  (if  any,)  all  good  natur’d  Readers  will, 

I hope,  corredh 

Another  Difficulty  I labour’d  under  (during  the. 
writing  of  this  Treatife)  was,  that  being  in  the  Country 
I wanted  the  Afliflance  of  many  original  Authors,  from* 
which  I might  have  drawn  (with  more  Eafe  and  Cer- 
tainty) what  I have  in  this  Treatife  fet  down,  than  I 
could,  not  naving  them  in  my  Pohe/Iion ; the  °reateft 
Help  that  I had  being  out  of  the  Library  (tho’^as  yet 
unfinifhed)  of  my  very  worthy  learned  and  noble 
Friend  and  Maker,  the  right  honourable  the  Earl  of 
Orrery,  at  his  Seat  at  ALarflon  in  Somerset  [hire : But 
that  noble  Lords  Collection  in  that  Place  bein07  far 
fhort  of  what  he  intends,  I could  not  be  fully  fupply’d 
there.  1 he  being  fo  far  diftant  from  London  was  then 
a gieat  Bar  to  me  like  wife,  from  converting  with  fuch 
ingenious  and  learned  Men  as  might  have  help’d  me 
on  perfonally,  in  this  laborious  and  ufeful  Work. 

Lastly  1 beg  Leave  to  add  a Word  or  two  of 
the  Reafons  why  I have  chofe  to  call  the  following 

Treatife 
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Treatife  aw  Introdu&ion  to,  rather  than  a general 
or  compleat  Syftem  of  Hydroftaticks  and  Hydraulicks , 
which  is  in  ffiort  from  the  Largenefs  and  Extent  of 
die  Subject,  and  from  the  Diffidence  I was  under  of 
cToino  well  through  fo  great  an  Undertaking ; the  chief 
of  my  Aim  being”  to  reduce  the  moft  material  Parts  ot 
thefe  Sciences  into  one  Volume,  which  may,  ’tishopd, 
induce  feme  more  able  Pen  to  give  a finifliing  Stroke  to 
a Work  fo  diverting  in  it  felt  and  fo  beneficial  to 

Mankind.  f , 

Till  that  is  done,  the  good  natur  d Part  ot  the 

World  will  (’tis  humbly  hop’d)  excufe  my  Preemp- 
tion in  aiming  at  fo  great  a Work  as  this  is,  the  Paths 
of  which  fo  few  have  trod  before  me  (efpecially  in 
the  comprehenfive  Manner  in  which  this  is  endea- 
vour’d to  be  drawn)  ; this  added  to  the  Diverfion  I 
have  had  in  compiling  it,  and  in  taking  (tho  but  a 
tranfient  View,)  of  fome  of  the  moft  wonderful  Phe- 
nomena’s of  Nature,  will  fufficiently  recommence  die 
Pains  I have  been  at,  and  fet  me  above  the  little  Ca- 
vils of  mercenary  and  pretended  Wits. 
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C H A P.  I. 

Concerning  the  Water-Works  of  the  Antient  Romans, 

French,  iffc. 

T would  be  needlefs  for  me,  in  this  Place,  to  enter- 
tain my  Reader  with  any  long  Account  of  the  great 
Ule  and  Beauty  that  Water  (whether  brought  by  En- 
gines or  otherwife)  contributes  to  a Country  Seat,  as 
well  as  Cities  and  Towns  ; Examples  of  which  every 
Day’s  Experience,  as  well  as  the  Accounts  received  from  Abroad, 
do  fufficiently  evince. 
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That 


, An  Introduction  to  a General  Syftem 

n-1!  fhe  Ufes  of  it  it  is  undeniably  the  Axis  on  which 

Animals,  Filh,  Fowl,  &c.  evident  that  this  Spirit,  or  Salt, 

On  Plants,  m par  icu  , piffpcV  unlefs  it  be  difolved 

(call  it  which  you  will,)  can  hav tno  k^f^rth,  and  uncapablc 

by  Water,  being,  as  it  y “ ’ new  Produftions,  but  when 

ol  doing  any  ihmg  n y parts  Qf  the  Earth;  and 

difolved  by  Water,  an  totheRoots  to  nourilhthem;  and, 

SU:rConjiXnof  Heat,  digefc  that  Nouriftunent,  and  turns 
into  the  Subltance  of  Phot. L ‘^felveS;  A1Wn.all  b which 
That,  as  to  the  Animal  Syftem,  it  is  j 

Tifp  irfelf  (next  to  the  Spiramma  we  every  Day  and  every 
Life  Kiel  ■ (next : to  V Vehicle  by  which  all  Nouriih- 
ment breath)  s preserved,  J h,  the  Body,  and  without 

and,  fure  it  is,  there  is  nothing,  neither  in  t & 

“hS' fen!sh“  VveCthis  in 'view  in  that  charming  as  welt 

where,  after  he  had  water  d the  P antations  or  diftributc’ 

and  embellilhed  them  with  Founta  ns  Ca  cades  G; 
the  Remainder  to  his  Subjefts  in ^the  moft 

fubterraneous  Aquedufts  and  Pipes,  as  tranilated  Dy  01 

excellent  Bards. 

Two  Plenteous  Fountains  the  Me  Profpefl  crown'd,  d 

This  through  the  Garden  leads  its  Streams a round, 

Vifits  each -Plant,  and  waters  all  the  Grouna ! . 

IV h lift  that  in  Pipes  beneath  the  Palace  flo&s, 

Aid  thence  a Current  on  the  Town  beftows: 

To  various  Vfe  the  various  Streams  they  bn  g , 

The  People  one,  and  one  fupphes  the  King • 
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retired  himfelf  for  his  Pleafure,  ufing  all  Things  with  admirable 
Providence  and  Promptitude,  agreeable  to  the  Account  which  he  him- 
felf gives,  of  his  beautiful  Vineyards,  Gardens,  Orchards,  and  Pools 
of  W ater,  mentioned  in  that  admirable  Treatife  of  Ecclejlajfes , or  the 
Treacher , Chap.  viii.  5. 

The  remarkable  Cifterns  at  Rofelayn , fome  few  Miles  diftant 
from  the  antient  City  of  'Tyre,  were,  by  common  Tradition,  fuppos’d 
to  be  the  Works  of  that  Royal  and  Moft-wife  Prince,  as  a Part  of 
Recompence  to  Hiram , for  thofe  Supplies  of  Materials  fent  by  him 
towards  building  the  Temple,  tho’  others  afcribe  it  to  a much  later 
Date,  and  that  they  could  not  be  built  till  fince  Alexander's  Time, 
being  carried  over  an  Ihjlmus , or  Neck  of  Land,  that  was  raifed  by 
that  Puilfant  Monarch  during  the  Time  he  befieged  that  City,  where- 
by he  joined  it  to  the  Continent. 

However  it  be,  there  are  (as  Mr.  Maundrell,  in  his  Journey  from 
Aleppo  to  Jerufalem , gives  an  Account)  at  this  Day  three  Cifterns, 
or  Refervoirs,  which  not  only  drive  the  four  Mills  that  ftand  between 
that  Fountain  and  the  Sea,  but  alfo  fupply  that  ancient  and  cele- 
brated City  with  Water,  for  all  Kinds  of  Ufes  : One  large  Ciftern  of 
twenty-two  Yards  Diameter,  made  of  no  other  Materials  than  Gra- 
vel and  finall  Pebles,  but  confolidated  with  a ftrong  tenacious  Ce- 
ment, fo  that  it  appears  to  be  one  entire  Veffel  of  Rock,  elevated 
nine  or  ten  Yards  above  the  Ground ; which  could  be  no  fmall  Ex- 
pence, but  a Demonftration  that  thofe  primitive  Genius’s  efteemed 
Works  of  this  Kind  worthy  of  their  greateft  Labour,  Care,  Attention, 
and  Expence. 

One  of  the  other  Cifterns  was  of  twenty  Yards  Diameter,  and 
the  other  of  twelve  Yards ; which  being  joined  together,  have 
for  a long  Trad  of  Time  fupplied  one  of  the  antienteft,  as  well  as 
largeft  Cities  of  the  World  with  Water. 

The  next  Water  - Works  we  have  an  Account  of,  were  thofe  ftu- 
pendioufly  admirable  ones  of  S emir  amis , who,  when  fhe  built  or 
enlarged  the  Walls  of  Babylon , turned  the  River  Euphrates , as 
fome  fay,  into  a Bafin  of  forty  Miles  Square,  whilft  fhe  per- 
fected that  great  Work,  and  till  fuch  Time  as  a new  Canal  was 
formed  for  the  Reception  of  the  River,  with  the  feveral  Trenches 
through  which  it  was  convey'd.  What  could  be  the  Reafon  why 
fuch  a Bafin,  as  is  before  mentioned,  fhould  be  made,  is  not  eafy  to 
conceive,  fince  the  new  Canal  might  have  been  dug,  during  the  Con- 
tinuance of  the  old  one,  (as  we  now  do  our  new  Rivers,  during  the 
Continuance  of  thofe  that  were  running  before ;)  and  befides,  even 
forty  Miles  Square  could  not  long  contain  fo  great  a River  as  that 

B z which 


a Jn  Introduction  to  a General  Syftem 

which  the  Euphrates  was,  (were  it  poffible  fuch  a Bafin  could  be 
due;  •)  And,  indeed,  the  whole  would  leem  fabulous  did  not  xo  many 
areat  and  learned  Men  affirm  it  ; and  that  a very  ingenious  Author, 
on  a Survey  of  thofe  numerous  Armies  and  Subjects  that  weie  al- 
ways at  her  Command,  and  to  ffiew  the  Prowefs  of  fo  great  a l nn- 
cefs,  feems  to  affent  to  it,  I mean  the  ingenious  Author  of  the  Spec- 
tators. VoL.  VI.  N'\  41 51.  . r vsr  . 

The  ftupendious  Aqueducts,  and  other  Contrivances  for  Water- 

in  Rome , and  other  Parts  of  Italy  and  France  who  copied  after 
them,  are  eminent  Inftances,  that  thofe  great  and  wife  People  placed 
them  amongft  their  greateft  Improvements  of  Architecture,  (whe- 
ther Civil  or  Military,)  as  they  were  indeed  more  uleful,  and  con- 
tributed more  to  the  Safety  and  Neceffity  of  their  publick  Com- 
munities than  any  of  their  other  Works  could  ; and  their  Aquedufts 
and  Cloacas  were  fuch,  (being  raifed  on  prodigious  high  Arches,) 
that  TLmy  took  occafion  to  fay,  That  the  City  of  Rome  was  fuf- 

in  his  Antiquities  of  Rome,  Vot.  IV 
favs  of  them,  “ That  they  were  one  of  the  Wonders  ox  the  World, 

"‘  and  that  there  were  many  of  themwhich  brought  Water  thirty  or  for- 
« ty,  and  feme  fixty  Miles  Diftance  from  that  City  : That  there 
« are  confiderable  Remains  of  them  in  the  Neighbourhood  of  Rome 
« to  this  Day,  being  long  Rows  of  Arches,  over  which  the  Water  was 
« carried  (as  it  is  now  between  Mark  and  Ver faille*?)  for  many 
« Miles  together  : Thofe  Arches  (fays  he)  are  fometimes  high, 
« and  fometimes  low,  as  the  Inequality  of  the  Ground  required  . 
a Tjiat  they  were  built  of  Brick  Well  cemented  together  . And 
« that  in  all  Places  where  the  Ground  was  too  high  and  Rocky, 
« they  bored  through  them,  that  the  Courfe  of  the  Water  mig  t 
cc  not3  be  interrupted.  And  what  was_  very  remaikable,  thole 
« Aquedufts  which  might  have  been  carried  ftrait,  were  made  turn- 
u i„g  and  winding,  not  unlike  the  Ziczac's  now  in  ufe  in  Gardens  ; 
u which  (according  to  the  celebrated  Fabretti  with  whom  later 
« Experience  alfo  agrees)  was  for  the  taking  Advantage  of  lg  1 
a Ground : for  had  they  been  carried  through  Ground  hat  was 
c‘  lower  the  Arches  muft  have  been  of  a much  greater  Height 
“ han  they  were,  and  confequently  the  Expence  would  have  been 
« (tho’  not  much  perhaps  confulted  by  thofe  generous  and  great 

“ T^ffth  “Stop^ge  of  the  Water,  which  was  occasioned  there- 
by was  for  its  Purification,  or  that  the  Impetuofity  of  it  was  there- 
by’ reftrained,  (according  to  F laminins  Vacca?  is  a Suppofition  drat 
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feems  not  to  carry  with  it  the  Weight  which  Mont f ancon  Hippo- 
les,  fince  the  more  Obftru&ions  Water  meets  with,  the  more  turbid 
and  lefs  pure  it  is. 

The  aforementioned  Author  Fabretti , who  appears  to  reafon 
very  much  like  an  Architect,  and  whofe  Drawings  Monf  Montfaucon 
has  exhibited,  gives  both  the  Images,  Sections,  and  Account  of  xhzA- 
qua  Maria , Claudia , Julia , Tepila , Marcia , and  Neroinana, which  was 
brought  in  feveral  Canals  : That  which  conducted  the  Aqua  Clau- 
dia was  built  of  fquare  Stone,  and  that  of  Neroinana  of  Brick,  and, 
according  to  Fabrettij  was  feventy  two  Roman  Foot  high  : The 
Canal  of  the  Aqua  Appia  was  not  made  like  other  Canals,  but  was 
difpofed  within  into  Steps  as  it  were,  io  that  it  grew  narrower  and 
narrower  towards  the  Bottom. 

W hat  would  be  remarkably  prodigious,  would  be  the  great  Height 
of  thofe  Aqueducts,  if  we  were  not  at  the  fame  Time  told,  that  there 
were  three  or  four  feveral  Canals,  through  which  thofe  feveral  Sorts 
of  Water  was  convey’d  from  different  Springs  of  different  Heights, 
and  for  different  Ufes,  and  which  thofe  great  Architects  re- 
duced into  one  Pile  of  Work,  not  only  as  it  was  commodious  for 
their  then  Undertakings,  but  to  exemplify  the  Greatnefs  of  that  State, 
which  did  not  (as  may  be  feen  in  almoft  all  their  publick  Works) 
confult  Expence  fo  much  as  Grandeur,  fince,  as  Montfaucon  ob- 
ferves,  it  is  fo  aftonifhing  that  few  (it  may  be  added,  except  the 
late  King  Lewis  XIV.  of  France ) would  have  undertaken  fo  flu- 
penduous  a Piece  of  Work  from  that,  even  to  this  Day. 

T o proceed,  (with  that  laborious  Author,)  the  admired  Aque- 
duct of  Metz  was  a Work  worthy  of  the  Roman  Grandeur  and 
Magnificence,  being  built  over  the  Mofellej  a great  River  ; and 
at  that  Place  very  broad,  where  thofe  Waters  were  gathered  into  a 
Confervatory,  and  from  thence  conveyed  thro’  feveral  Canals,  made 
of  fquare  Stone,  and  lo  fpacious,  that  a Man  might  almoft  walk 
upright  within  them.  Another  of  the  AqueduCts  our  celebrated 
Author  makes  mention  of,  is  that  of  Segovia  in  Spahij  which  he 
tells  us  may  be  reckoned  amongft  the  molt  excellent  Monuments 
that  Antiquity  has  tranlmitted  to  us  ; and  that  there  remains  at  this 
Day  an  hundred  and  fifty  nine  Arches,  all  built  with  large  fquare 
Stone,  without  any  Cement ; and  that  they  were  one  above  another 
in  two  Rows,  the  Heights  of  which,  taking  in  the  whole  Stru&ure, 
is  an  hundred  and  two  Foot ; and  that  the  Aqueduct  is  carried  thro’ 
the  City  to  the  higheft  Ground. 
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Even  the  Cloaca,  or  common  Sewers  of  Rome  before  mentioned, 
the  Work  (as  the  Reverend  Mr.  Echard , in  his  Roman  Hiftory,  tells 
us)  of  the  firft  and  great  Tar  quin  himfelf,  were  alfo  celebrated  amongft 
the  Wonders  of  that  Miftrels  of  the  World;  and  l'o  large,  that  Peo- 
ple might  row  through  them  with  Boats,  (as  fome  few  Years  lince 
we  have  heard  of  thole  of  Cremona  ;)  and  the  Breadth  and  Height  oi 
fome  of  them  was  great  enough,  for  a W aggon  loaded  with  Hay  to 
pals  through  them  ; and  for  the  cleanfing  ol  which,  there  was  fuch 
an  incredible  Quantity  of  Water  brought  to  Rome , that  it  was  im- 
poffible  any  Stoppage  or  Stench  Ihould  well  happen. 

To  conclude  this  Account  of  R.ome , the  Claudian  Aqueduct, 
(as  Mr.  Addifon  obferves,  Vol.  II.  Page  131.  of  his  Works,)  was 
thirty  eight  Miles  in  Length,  through  which  the  Water  was  brought 
to  Rome , by  the  Advantage  only  of  a high  Source,  and  the  low 
Situation  of  that  City,  and  that  the  Architect  has  allowed  five 
Foot  in  a Mile,  for  the  Defcent  or  Current  of  the  Water  that  pafles 
through  it;  which  I mention,  becaufe  it  is  an  Obfervation  that  Mont- 
faucon,  nor  no  other  Author  of  the  Accounts  of  Rome , (that  I have 
feen,)  take  notice  of,  and  may  be  a Demonftration  of  the  curious 
Enquiry  of  that  defervedly  ingenious  Gentleman,  who  by  his 
Works  has  been  fo  great  an  Honour  to  his  Country,  and  one  a- 
mongft  the  many  Arguments  that  might  be  produc’d,  that  his  Wri- 
tings can  never  be  juftly  too  much  admired. 

To  enumerate,  and  put  down  at  large,  all  the  Works  of  this 
kind,  which  have  heretofore  been  done  in  F ranee , or  thofe  lately 
done  in  Mufcovy , would  be  a juft  Volume  itfelf.  That  noble  Ca- 
nal, which  according  to  fome  Hiftories  I have  feen  of  France , was 
done,  (as  I remember,)  by  Henry  IV.  fomewhere  about  Tholoun „ is  a 
Work  worthy  of  the  Magnificence  of  one  of  the  greateft  Potentates 
on  Earth. 

The  Account  of  the  Water-Works  of  Verfailles , would,  (with 
the  Machine  of  Marti,  the  Length  and  Difficulty  of  the  Paflageofthe 
Water  from  thence  to  Ver failles^ the  Refervoirs,  Canals, &c.)  be  a per- 
fect Hiftory  itfelf,  having  without  doubt  coft  Inch  immenfe  Sums  of 
Money,  as  few  Princes  in  the  World  would  again  lay  out,  and  therefore 
beyond  the  Example  and  Imitation  of  inferior  Subjects,  for  whom 
this  Work  is  chiefly  calculated;  and  I have  been.very  credibly  in- 
form’d, that  a Nobleman  of  the  firft  Rank  of  this  Kingdom  in  par- 
ticular, (I  mean  that  great  Duke  of  Bolton , the  Grandfather  of  his 
prefent  Grace,  the  remarkable  Bratus  of  his  Age,  that  like  that  firft 
Roman  Noble,  feign’d  himfelf  mad,  (as  his  Patent  fets  forth,)  to 
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fare  his  Country,)  fold  as  much  Lead  towards  the  Fountains  and  Bafins, 
as  brought  him  in  at  leaft  150000 /.  Sterling,  clear  of  all  Expences. 

Those  Pieces  of  Water  (as  they  are  by  the  French , by  Way  of 
Irony  termed)  are  by  the  Prints,  as  well  as  by  the  Accounts  Tra- 
vellers bring,  all  noble  and  large,  (though  the  Water  itfelf  be  not 
very  clear ;)  and  the  Numbers  of  them  are  fuch,  that  there  is  not,  in 
the  Compals  I propole  to  myfelf  in  this  fhort  Hiftory,  Room  to  fet 
them  down. 

To  omit  then  the  Fountains  or  Bafins  of  Saturn , Flora , Bac- 
chus ^ Ceres , and  Latona , with  the  Pyramid  in  the  Parterre  on  the 
North-Corner  of  the  Caftle,  . and  many  others  of  lefs  Account, 
there  are  five  or  fix  Pieces  that  claim  the  Attention  of  the  rnoft 
Curious. 

And  the  firftisthe  grand  Obelifque  or  Mountain  of  Water,  which 
has  one  very  great  Gerb  compos’d  of  two  hundred  and  thirty  one 
Jets  of  Water,  and  which  rifes  fifty  Foot  high.  The  Obelifque, 
which  is  at  leaft  four  or  five  Foot  Diameter  at  the  Bottom,  and 
about  one  or  two  at  Top,  may  bejuftly  accounted  one  of  the  great- 
eft  Pieces  of  Art  and  Expence  (when  we  confider  that  innumerable 
Quantity  of  fmaller  Pipes  that  join  to  compofe  it)  which  is  tobefeen 
in  that  or  any  other  Country. 

The  Bafin  of  Apollo  is  alfo  fixty  Toifes  long,  and  forty  five 
wide.  TheGroupe  of  Apollo , with  the  Tritons,  Sea-Horfes,  and  other 
Genii,  with  that  grand  Gerb  which  rifes  feventy  Toifes  high  in  the 
Center  of  the  Bafin,  and  fronting  the  Middle  of  the  great  Canal, 
the  Defign  of  the  famous  Le  Brim , may  bejuftly  accounted  amongft 
the  greateft  Works  of  that  magnificent  Place. 

The  Bafin  of  Neptune , another  Defign  of  that  great  Matter’s,  is 
a moil  beautiful  Piece  of  Water,  adorn’d  as  it  is  with  above  fifty  large 
Jets,  that  play  twenty  or  thirty  Yards  high  each,  and  adorn’d  with 
feveral  Napes,  and  twenty  two  Veffcls  of  fine  Metal.  This  Bafin, 
according  to  the  French  Meafure,  is  one  hundred  Toifes  long,  and 
fixty  wide;  and  being  fituate  at  the  lower  End  of  the  fine  Alley  of 
Water  that  comes  through  the  Wood-Work,  from  the  North-Corner 
of  the  Caftle,  makes  (as  appears  by  all  Accounts)  one  of  the  no- 
bleft  Figures  of  any  of  the  Water-Works  about  the  Gardens. 

I shall  but  juft  mention  the  grand  Theatre,  and  triumphant 
Arch  of  Water,  the  Defigns  of  Mr.  Le  Nautre  and  Le  Brim , 
adorn’d  by  almoft  an  innumerable  Company  of  leffer  Fountains, 
Cafcades,  Jets,  Buffets , Groupes,  and  other  Em  belli  fhments ; 
vhich  when  they  are  in  order,  and  play,  are  amongft  the  rnoft: 
furplizing  Works  that  Art  ever  yet  form’d. 
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But  before  1 quit  this  Account  of  the  Water-Works  of  Ver failles, 

1 2S  not  omit  that  noble  Body  of  tVater,  call’d  the  If  e Royal,  pla- 
ceA  ;n  one  of  the  Quarters  ol  Wood  m the  Gardens  there.  It  is 
about  an  hundred  and  thirty  Toifes  long,  and  fixty  wide,  as  the 
Prints  fometime  fince  brought  from  France,  intimate ; and  what  ma^s 
h have^ ^the  greater  EfFecd  to  the  Eye,  is,  that  it  is  environ’d  with  Por- 
tico’s and  Hedges  cut  into  Arch-Works,  lhaded  wnh  a Row 
Trees  that  accompany  it } and  at  that  End  of  it,  winch  is next  the  Cattle 
there  is  alfo  another  Piece,  through  which  the  Dauphin  s Walk  (as 
thev  call  it)  paffes,  which  Piece  is  adorned  witn  the  Statues  of  7«- 
r,a  Mate  Venus,  Jupiter  Stator,  and  Julia  Ttamna,  with  \ af  _ 
of  white  Marble  by  le  Feme  and  Legeref,  and  the  great  Piece  is 
fet  at  the  further  End,  with  two  ColloITes  of  Hercules  and  Flora , 
from  the  Farnefe  Collection,  being  Copies  from  Rome,  by  Cornu 

“the" Canal  is  a thoufand  Toifes  long,  and  near  forty  wide;  a 
Part  of  which,  at  the  farther  End,  is  an  Eftang,  or  Bafin,  of  an  hun- 
drcTand  eighty  Toifes  long,  and  an  hundred  Toifes  wide  in  which 
there  is  an  old  Ship  fix’d;  and  the  Crols  or  Tranfverfe  Canal, 
which  makes  it  appear  like  a Crofs,  is  five  hundred  To.les  long, 

chief  Pieces  of  Water 

thaT  is  contain’d  within  the  Wood-Works.  The  Figure  the  Water 
Say  from  is  a large  Giant,  four  Times  as  big  as  the  Life,  out  of 
which  proceeds  a large  Gerb  of  Water,  that  plays  feventy  eight  Foot 
high  encompafs’d  with  a vail  Number  of  Bouillons  that  fpout  out 
of1 the  Hands,  Feet,  ST.  the  Defign  of  the  famous  le  Brun .and _th 
let  made  from  the  Model  of  Monfieur  Efparade  of  Mar, h Tire 
whole  appears  to  be  the  moil  beautiful  of  any  enclos  d Piece  o 
Water  in  die  whole  Gardens  of  Ver failles  To  this  may  be  added, 
the  Bains  de  Apollo,  a Piece  of  Groupe-Work  in  white  Marble, 
wherein  is  placed  the  Goddefs  Thefts,  accompanied  by  fix  Nymphs 
that  are  Servitors  to  her  : On  each  Side  of  this  large  Groupe 

are  two  fmaller  ones  ; in  the  Middle  of  which  are  the  Couriers  of 
Apollo,  attended  by  Tritons.  The  Embedments  of  this  expenfive 
Stmaure  are  many  of  them  of  Gold,  and  the  whole  being  the  De- 
fign and  Execution  of  four  of  the  greateft  Mahers  oi  France,  Ge- 
rardon , Reqnaudin,  Guerin,  and  Marji,  are  in  tne  Number  of  the 
moil  curious  Pieces  of  Art  which  that  Palace  produces. 

The  Water-Works  of  Marh,  Meudon , and  feveral  other  Places 
in  France,  are  all'o  very  admirable,  the  contracted  Cuts  whereof  I 
intended  to  haye  made  a Part  of  this  W ork,  but  that  I find  them  alr^T 
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done  by  Mr.  Bowles , Printfeller  in  St.  Paul’s  Church-Tard , where 
ull  thofe  of  Verfailles  may  be  had  in  Sets,  and  will  not  be  improper 
Appendixes,  for  all  Gentlemen  who  approve  of  it,  to  be  put  to  the 
later  End  of  this  Treatife. 

To  proceed,  we  are  no  Way  behind  hand  in  England , though  not 
in  the  great  Beauty,  yet  in  the  Advantages  that  Water  has  procured 
to  Trade,  as  well  as  for  the  Convenience  of  watering  Cities,  Towns, 
large  Tradts  of  Meadow-Land,  Upground,  &c.  by  the  railing  of 
Damns,  Wares,  and  the  like ; and  by  the  cleanfing  of  navigable  Ri- 
vers and  Water-Courles. 

Remarkable  enough,  being  that  expenlive,  but  yet  ufeful  Work 
that  fupplies  Plymouth  with  Water;  <c  A Work  (as  the  learned  E- 
“ ditor  of  Camden  obferves)  which  was  done  by  the  Contrivance,  and 

at  the  proper  Coft  and  Charge  of  that  great  Admiral  and  Difco- 
w verer  of  unknown  Countries,  (at  leaft  by  a Relation  of  his,)  of  the 
u antient  and  noble  Family  of  the  Cavendishes , now  Dukes  of  Devon- 
“ {hire , who  brought  to  that  Town  a large  Stream  of  Water  from 
u a great  Diftance,  through  many  Windings  and  Turnings,  driving 
u many  Mills,  and  ferving  for  other  neceffary  Ules  and  Conveni- 
a encies  of  the  Inhabitants.” 

The  New  River,  that  fupplies  the  greateft  Part  of  London  and 
Wejlminjier  with  Water,  arifing  from  the  two  Springs  Amwel  and 
Chadwell , near  IV are  in  Hertfordfhire,  appears  to  be  a Work  worthy 
of  the  vaft  Charge  and  exquifite  Skill  of  Sir  Hugh  Middleton , who 
in  five  Years  Time,  viz.  from  the  Year  1608.  to  the  Year  1613. 
conduced  it  through  Fields  and  Meadows  in  a turning  and  winding 
Courfe  for  above  fixty  Miles,  before  it  reaches  this  rich  and  opulent 
City  ; in  the  Courfe  of  which  the  Channel  is  neceflarily  carried  in 
fonre  Places  twenty  Foot  deep,  and  in  other  Places  twenty  Foot  higher 
than  the  natural  Level  of  the  Ground,  in  Aqueducts  or  Troughs 
of  Wood  above  Ground  ; and  has  over  it  in  that  Courfe  eight  hun- 
dred Bridges,  fonre  made  of  Wood,  fome  of  Stone,  and  others  of  Brick  ; 
the  River  feeding  and  fupplying,  by  the  Help  of  the  Mill  at  IJling- 
ton , all  the  lower  Rooms,  at  leaft  in  the  higheft  Part,  and  the  up- 
per Rooms  in  the  loweft  Part  of  that  populous  City.  And,  though 
the  Water  may  not  be  fo  pure  as  if  it  were  convey’d  in  Arches  of 
Brick  or  Stone,  as  that  of  Rome  was,  yet  by  its  being  vented  into 
a large  deep  Refer  voir,  it  is  confiderably  fettled  and  refined  ; and 
is  a Work  that  few  Cities  of  the  World  can  boaft  of,  and  fewer  yet 
excel  : Nor  would  it  be  much  to  my  Purpcfe,  but  would  take  up  too 
much  Room  in  the  Compals  I propofe  to  allow  myfelf  in  this  In- 
txaduddion,  to  take  notice  of  all  the  other  Methods  whereby  London 
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and  its  powerful  Neighbour  W eflminfler,  is  liipplied  with  Water  ;; 
nor  of  thofe  Inventions  that  are  every  Day  on  foot  for  fupplying 
of  two  Cities  growing  more  populous  and  populous,  and  which, 
we  may  expedt  will,  in  a few  Years,  much  excel  the  largeft  Cities 
of  the  World ; fome  Account  of  which  may  be  expeded  in  the  fol- 
lowing Sheets,  as  what  will  help  to  give  the  trueft  Idea  of  this  Miltrefs 

and  Metropolis  of  Great  Britain. 

T o go  on  with  our  Hiftory  : The  great  Labour  and  Expence 
that  has  been  bellowed  in  the  draining  or  drawing  off  the  fuperfluous 
Water  in  the  Fens  in  Cambridge  and  Lincolnshire , Ille  or  Fly„ 
and  other  Places,  would  fwell  this  Introduction  beyond  its  propoled 
Limits,  as  would  alfo  the  raifing  of  Rivers  and  Carriages  lor  the 
Overflowing  of  Meadow  and  Uplands  in  the  feveral  Counties  of  Sou- 
thampton,Wilts,  and  Dor  Jet,  efpecially  about  Sarum,T)untonJV in- 
ton and  other  Places..  But  I mull  beg  leave  to  alfume  to  myfell  the 
Credit  of  an  Undertaking  of  this  Kind,  performed  fome  Years  fince 
for  the  Earl  of  Coningsbyy  at  Hampton-Court  Herefordshire ; which, 
though  not  brought  above  two  Miles,  may  (confidering  the  Difficul- 
ties Srat  attended  this  ufeful,  but  expenfive  Work)  be  reckoned 
amongft  fome  of  the  greateil  Undertakings  that  were  ever  attempted  in 
this  or  any  other  Country  by  a private  Purfe  ; yet,  though  the  Coll 
of  it  has  been  little  lefs  that  noo  L it  has  laid  a Foundation  for 
the  Watering  of  two  or  three  hundred  Acres  of  Land,  that  is,  and 
may  be  very well  improved  from  five  or  fix  Shillings,  to  twenty  or 

thirty  Shillings  an  Acre  at  leall.  _ 

This  Work,  begun  and  finiffied  in  eight  or  ten  Months,  was 
conduced  by  many  Windings  and  Turnings  through  high  and  almoft 
impenetrable  Rocks,  fome  of  at  leall  ten  or  fifteen  Yards  perpendi- 
cular and  over  other  Variety  of  Earth,  Clay,  &c  in  a Drain  or 
Carriage  about  five  Yards  wide ; which  emptying  itfelf  on  fome  high 
Lands  or  Eminencies  that  lie  above  that  antient  Seat,  waters  all  the 
Land  thereabouts,  and  caufes  an  uncommon  early  Verdure,  and  Profit 
to  the  PolfelTor,  though  much  higher  than  the  Top  of  the  Houfe  itfelf : 
Which  I mention  the  rather  in  this  Place,  that  it  may  incite  other 
Noblemen  and  Gentlemen  to  the  Profecution  of  the  fame,  wherever 
there  is  an  Opportunity,  the  Recompence  being  at  leall  20  /.  per  Cent . 

for  their  Money,  clear  of  all  Charges.  . , , 

The  Carriage  that  plays  the  Engine  at  Blenheim , and  other 
Works  of  that  Kind,  done  in  feveral  Places  ol  England ^ have  fal- 
len tp  my  Lot,  with,  l hope,  the  defired  Succefs. 

It  mult  be  confefs’d  that  we  are  not  yet  arrived  to  that  Gran- 
deur in  our  Garden  Water- Works  in  England, , as  they  are  in  France 
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or  Italy , though  the  Advantages  we  have  by  Nature  are  as  great  or 
greater  than  any  that  are  to  be  met  with  in  other  Countries.  The 
Villa  de  Me  diets,  with  its  Water-Works,  the  Cafcade  of  the  Teverone 
with  the  famous  Falls  of  the  Frefcati , to  omit  many  others,  which 
are  accounted  by  Travellers  amongft  the  greateft  Works  that  either 
Nature  or  Art  are  capable  of  furnilhing  the  World  with  ; and, 
whoever  reads  the  charming  Defcription  that  Mr.  Addifon  gives 
of  thofe  Works  and  the  adjacent  Country,  will  obferve  it  to  be  a Sub- 
ject, wherein  not  only  Travellers  and  Poets,  but  the  moll  skilful 
Painters  in  Italy  and  Rome , have  employ'd  themfelves  to  great  Ad- 
vantage. 

Horace,  (as  Mr.  Addifon  has  it,)  had  his  Eye  upon  it  in  the 
agreeable  Touches  he  gives  of  thofe  beautiful  Landskips, 

Me  nec  tarn  patiens  Lacedamon , 

Nec  tam  Larijfa  percujjit  campus  opima , 
fhtam  domus  Albania  refonantis. 

Ft  paceps  Anio  Tiburni  lactis  uda 
Molibus  Tomaria  Rivis.  Hor.  lib.  Od.  vii.  v.  10. 

In  Englifh  thus, 

Not  fair  Larilfah  fruitful  Shore , 

Nor  Lacedemon  charms  me  more , 

Than  high  AbaniaV  airy  Walls 
Refounding  with  her  Water-Falls  \ 

And  Tivoli’ s delightful  Shades , 

And  Anio  rowling  in  Cafcad.es , 

That  through  the  flowry  Meadow  glides , 

And  all  the  beauteous  Scene  divides.  Addison. 

And  when  they  are  made  to  appear  by  many  Breaks  and  un= 
interrupted  Scenes,  made  up  of  an  infinite  Number  of  an  Inequa- 
lities that  naturally  arife  from  the  agreeable  Mixture  of  Hills,  Groves 
and  Valleys,  which  there  appear;  and  when  its  Stream  is  broken  by 
luch  a Multitude  of  Cafcades,  that  fo  often  fhift  themfelves  from 
one  Channel  to  another,  and  after  a very  rapid  and  noify  Courfe 
fiom  Hill  to  Hill  , at  laft  to  fall  into  the  antient  and  celebrated 
j.yber , is  a Defcription  that  from  lo  uncommon  a Pen,  carries  with 
it  fomething  that  is  ltupendioufly  natural  and  great. 
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And  it  is  agreeable  to  this,  fays  our  worthy  Author,  that  we  are  to 
underftand  SUius  It  aliens’ s Defcription,  to  give  it.  its.  proper  Beauty. 

jjere  the  loud  Anioh  boifterous  Clamours  ceafe. , 

That  with  fubmijjive  Murmurs  glide  in  Teace 

To  his  old  Sire  the  Tyber. „ , 

Addison’s  Works,  Fol.  11.  p.  129^- 

Of  little  lefs  Beauty  (but  perhaps  great  Ufe  and  Account)  to 
thole  celebrated  Landskips,  though  not  in  the  Prec.pttancy  of  their 
Cafcade  vet  in  their  natural  Turnings  and  Meanders,  are  ma  y 
cur  Rivers^ in  England , which  when  lying  beneath  (as  many  of  them 
do)  fruitful  Hills,  many  of  them  cloathed  with  noble  Amphitheatres 
and  Coverings  of’ Wood,  claim  a Share,  if  not  the  Precedence,  of 

“^«Tto«hm)eiTehdd  the  River  Wye,  (on  the  Banks  whereof 
has  been  the  Refidence  of  fome  of  our  antient  Bards,)  paffing  by  ma- 
nv  Wind  ngs  and  Turnings  from  Rofs  by  Horn-Lacy,  the.  Seat  of  the 
noble  Family  of  the  Scudamores , to  Hereford r &c.  but  mud  be  ex- 
tieamly  furpriz’d  at  the  Beauty  of  thofe  Voluta’s  it  appears  to  make, 
adorned  as  ft  is  with  fuch  prodigious  lofty  and  natural  Amphithea- 
tres of  Beech  and  other  Wood,  reaching  in  Appearance  to  t^c  ^ies’ 
in  many  Places  a Quarter  of  a Mile  high,  and  generally  full  of 
Sorinas.  To  this  pleafant  Scene  may  be  added  that  beautiful  Hill 
facing  Hampon-Court  aforementioned,  in  that  County,  under  whic 
runs  the  River  Lugg,  forming  a natural  Semicircle,  or  Hdf-Moon, 
which  by  the  Height  of  the  Wood,  the  Agreeablenefs  of  the  Vei- 
dure  may,  I humbly  conceive,  be  accounted  amongft  the  beft  deter- 

in  ibme  artificial  Cafcades  and  beautiful  Falls  of  Water  in  Enilf"Sd 
rhoF  of  Mr.  Blaithwaites  at  TSurham  near  the Bath,  of  Mi. 
Emily’s  at  Whet  ham,  thofe  of  Chatfworth , belonging  to  the  great 
and  noble  Family  of  the  Cavendijhes , are  worthy  of  Account  . B 
what  b more  ftupendious  than  them  all,  the  Drawings  of  which  I 
Lh  endeavouring  ?o  procure,  are  thofe  fine  Mbcf  Water  belo^ng 
to  Mr.  Aijleby  in  the  North,,  with  thofe  of  Bolton,  <$c.  i o proceea 

in  to  River  Avon  in  Hanfjbire,  and  adjoining  to  the  new  Foreft, 
( remarkable  for  that  eminent  Danger  from  which  Titus  is  laid  to  have, 
refeued  his  Father  Vefpafian,  when  clofed  befiegd  by  the  hr  status,) 
Etf*  & Char  ford- Farm,  ’(as  Cmdm  tells  us,  fo  called  from  Or- 
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dick,  a valiant  Saxon , that  alfo  gave  the  Britains  fo  great  a Defeat 
on  the  Banks  of  that  River,)  palfes  through  many  fine  Meadows  by 
F olden  or  For  den  Bridge  to  Ringwood,  &c.  till  it  joins  the  Stour 
near  Chrifichurch,  and  has  the  Woods  of  the  new  Foreft  rifing  like 
an  Amphitheatre  on  the  South,  which  gives  fuch  an  agreeable  Pro- 
pped to  thofe  Seats  that  are  fituated  on  the  North-Side,  efpecially 
Breamore , one  of  the  Seats  belonging  to  the  Lords  of  Brooke,  the 
Place  from  whence  thele  Memoirs  are  dated ; from  which,  through 
many  green  and  delightful  Meadows,  and  in  View  of  Mountains,  and 
woody  Landskips,  you  lee  it  take  itsLourfe  till  it  falls  into  the  Sea 
at  Chri/lchurch,  and  is,  as  it  were,  loft  in  the  Surges  of  that  volumi- 
nous and  extenfive  Ocean. 

The  Avon,  another  River  of  the  fame  Name  at  Warwick,  merits 
a Place  in  this  lhort  Account  of  Rivers,  as  it  palfes  by  the  Town  and 
other  rifing  Grounds  that  lie  contiguous  to  an  antient  and  noble  Caftle, 
which  is  lo  great  a Strength  and  Ornament  to  that  delightful  Town. 

This  Place,  (if  it  be  the  fame  that  Camden  lpeaks  of,)  is,  jn 
his  Words,  the  Seat  of  Pleafure  it  felf.  There,  or  near  to  it, 
(perhaps  that  which  is  now  the  Lady  Bowyers,)  and  which  has 
this  fine  River  in  View,  is  (fays  he)  a lhady  Grove  and  chryftal 
Springs,  molfy  Caves,  Meadows,  Ever-greens,  loft  and  murmuring. 
Falls  of  Water  under  the  Rocks ; and  to  crown  all,  Solitude  and 
Quiet,  the  greateft  Darling  of  the  Mules,  the  Place  where  Fame  tells 
us,  (fays  that  laborious  Author,)  the  celebrated  Guy  of  War- 
wick j after  he  had  finifhM  his  martial  Atchievements,  built  a Chapel, 
led  a HermiCs  Life,  and  was  at  laft  buried. 

The  River  Trent  leading  from  Nottingham  to  Newark,  the 
Severn  from  G lone  eft  er  to  Worcefter , and  fo  on  to  Shrewsbury,  are 
both  of  them  lafting  Monuments  of  the  Noblenefs  of  our  Rivers, 
and  that  they  equal,  if  not  excel,  the  fc-much-talked-of  Tyber  and 
the  Sein , as  may  the  River  Lodon  and  the  Thames  that  of  the 
SDanube  and  Mozelle , if  not  in  the  Extent,  yet  in  the  Limpidity  and 
Ciearnefs  of  their  Streams,  fo  beautifully  defcribed  by  one  of  our  En- 
glish Bards. 

Though  deep;  yet  clear,  though  gentle,  yet  not  dull. 

Strong  without  Rages  without  o’er-ftowing  full. 

Durham’s  Coopers-HilL 

To  finifti  this  hiftorical  Account  of  Water-Works,  to  which  the 
Delightfulnefs  of  the  Subject  has  infenfibty  led  me,  let  any  one  but 
take  a View  of  thofe  that  are  at  Chat /worth,  Bowden , at  Mr.  Bratb - 
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wattes  near  the  Bath , juft  mentioned,  and  other  Places,  to  which  if 
you  would  add  that  which  is  newer,  (and  in  fome  Refpe&s  nobler  and 
greater,)  thofe  of  the  late  Duke  of  Kingston  at  Thoresby  in  Notting- 
hamfbire , and  of  the  new  Lake  at  Blemeim , the  Work  of  that  II- 
luftrious  and  Right  Noble  Lady,  the  prefent  Dutchefs  Dowager  of 
Marlborough , will  fee  to  what  a Pitch  practical  Hydroftacy  is  arri- 
ving to  in  England , and  how  we  are  like  to  emulate  molt  of  our 
Neighbours  in  thefe  beautiful  Embellilhments. 

And  to  finifh  this;  I conceive  that  the  Canal  and  Cafcade at  Bufhy- 
Bark , the  Draught  of  which  I have  hereto  adjoin’d,  the  foie  Con- 
trivance (I  had  almoft  faid  manual  Operation)  of  that  truly  inge- 
nuous Nobleman,  the  then  Maecenas  and  Encourager  of  all  Arts 
and  Sciences,  the  late  Earl  of  Hallifax,  is,  without  doubt,  one  of 
the  bell  Works  of  that  Kind  in  England , and  perhaps  as  good  as 
any  elfe  where.  And  thus  much  I thought  proper  to  fay  in  Commenda- 
tion of  my  own  Country,  (compar’d  to  others,)  and  as  much  as  in  me 
lies,  to  create  fuch  a due  Emulation  amongft  my  Countrymen,  as 
may  incite  them  to  the  Improvement  of  this  natural  and  ufeful  Beau- 
ty, which  when  added  to  the  Finenels  of  our  Turf,  and  the  Noble- 
nefs  of  our  Timber,  may  (as  we  are  in  many  other  Cafes)  be  the 
Envy  of  our  Enemies,  and  the  Delight  of  our  Friends. 


CHAP.  II. 

Of  the  Origin  and  Rife  of  Springs,  and  of  the  Opinion  of 
thofe  who  afcribe  them  to  Air,  Vapours,  Dews,  Rain , 
Snow,  &c. 

THE  Original  and  Rife  of  Springs,  like  moft  other  Things 
whofe  Caufes  lie  conceal’d,  have  met  with  a Multiplicity  of 
confus’d  and  unnecelfary  Opinions,  by  which  Truth  has  been^either 
ftrangely  difguis’d  or  deliver’d  in  dubious  and  enigmatical  Terms, 
fuch  as  has  puzzled,  rather  than  inftructed  thole  whole  Genius  shave 
led  them  to  the  Study  of  this  Part  of  Meteorology.  On  this  Ac- 
count it  is  that  I have  in  this  Effay  endeavoured,  what  I can,  to  fet 
this  Matter  in  the  cleared  and  moft  perfpicuous  Light,  and  to  fix 
the  tedious  and  uncertain  Accounts  we  have  of  Springs  on  lonte 
more  rational  Bafis,  by  giving  Reafons  why  thofe  Opinions  which 
were  delivered  in  the  antient,  as  v/ell  as  fome  modern  Philolophy, 
ought  to  be  rejected.  ■^OR 
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For  that  of  Arifiotle  and  his  Followers,  who  judge  it  to  be  from 
Air,  included  in  the  Caverns  and  Vaults  of  the  Earth,  and  there  by 
the  conftringent  Cold  of  thofe  Receptacles  condenfed  into  Water, 
is  very  unlikely,  if  not  altogether  impolfible ; for  admitting  there  be 
(as  a learned  Phyfician  in  a Manufcript  I have  feen  on  this  Head 
has  it)  fuch  a Mutation  of  Elements,  (which  has  often  been  difproved,) 
if  we  confider  the  mathematical  Difference  which  there  is  between 
the  Bulk  and  Proportion  of  the  two  Bodies  of  Air  and  Water,  how 
vaft  muft  thofe  Caves  be,  which  in  its  State  of  Rarefadion  can  con- 
tribute or  contrive  Air  enough  for  the  perennial  Streams  of  a large 
Fountain?  And  though  we  fhould  allow  them  the  fame  alternate  and 
fucceflive  Supplies  which  they  impart  to  Water,  yet  we  are  to  con- 
ceive, that  they  muft  be  detain’d  for  forne  Time  in  thofe  Caverns 
before  they  are  condens’d,  and  fo  not  always  in  Tranfitu , as  Water 
is. 

Besides  all  which,  (with  Marriott e ,)  it  is  a dubious  Point,  even 
to  be  denied,  that  there  are  fuch  Caverns  or  hollow  Places  in  the 
Ground  capable  of  fuch  Performances,  the  Places  from  whence  Springs 
proceed  being  generally  compofed  of  fmall,  gravelly,  fandy,  or 
fmall  rocky  Ground,  thofe  Caves  haying  never  been  adually,  that 
I know  of,  difcover’d ; though  by  the  ilfuing  out  of  Springs  from 
the  Sides  of  Hills,  they  ought  to  be  fome  where  near  at  Hand, 
and  therefore  in  all  Probability  have  no  Exiftence,  but  in  the  Minds 
of  their  chimerical  Inventors. 

Besides  this  Opinion  of  the  Peripateticks,  there  are  feveral  others 
maintain’d  by  Philofophers  of  later  Ages,  as  that  of  Aquinos , who 
held  their  Original  to  be  from  the  Stars  and  celeftial  Influences.  Sca- 
liger  thinks  them  to  be  from  the  Earth’s  prefling  of  the  Waters ; and 
Faber  from  the  Attradion  of  all  Waters  by  the  North  Pole,  by 
which  being  carried  to  the  Centre  of  the  Earth,  they  are  thence, 
being  firft  impregnated  by  the  Virtues  of  the  univerfal  Spirit,  dis- 
pers’d into  the  feveral  Channels  of  the  Earth,  all  which  hypochon- 
draical  Conceits  dying  with  their  Authors,  have  been  but  little  no- 
ted : Thofe  of  Sene  Bins  Bartho  linns , and  fome  later  Writers,  as  Flott^ 
Hook , fiCc.  having  much  more  Weight  with  them,  there  being  nothing 
more  conlentaneous  to  Realon,  whether  phyfical  or  mechanical,  and 
the  Analogy  that  naturally  fubfifts  between  the  Macrocofm  and  Mi- 
crocofm,  (in  both  which  the  Laws  of  Elafticity  take  place,)  than 
the  Circulation  and  Afcenfion  of  Waters  in  the  Bowels,  and  on  the 
Surface  of  the  Earth,  as  the  Blood  does  in  the  Body,  or  rather,  as 
the  Sap  does  in  a Tree- 
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For  if  we  take  a Survey,  and  acknowledge  any  thing  of  that  Na- 
ture which  is  in  Animals  and  Vegetables,  it  will  be  eafily  demon- 
ft rated,  that  Water  ferves  the  Earth  for  the  fame  Purpofes,  as  the 
Blood  does  the  Body,  or  the  Sap  the  Trunk  and  Boughs  of  a Tree, _ 
and  is  elevated  by  the  fame  Means,  namely,  for  the  Irrigation  ol 
thofe  Parts  of  it  * which  are  dry,  and  to  reduce  it  to  fuch  a Con- 
fidence as  to  be  fit  for  the  Impreffions  of  the  univerfal  Spirit,  even 
as  it  fupplies  the  Nerves  of  the  Body,  or  the  Pores  of  the  Tree, 
with  thofe  animal  Spirits  or  rarify’d  Juices  which  circulate  in  the 
Body,  or  afeend  the  Trunk  of  a Tree  ; it  being  by  this  conftant  Sup- 
ply of  Spirits  and  ratified  Juices,  that  both  a Produdion  of  new 
Matter,  as  well  as  a Supply  to  what  was  before  decay’d  ; and  from 
the  perpetual  Afcenfion  or  Circulation  of  the  liquid  Matter  therein 
contain'd,  that  the  Motion,  on  which  depends  all  the  Adions  of  Vi- 
tability  in  both,  is  continued.  And  I muftconfefs  I have  often  won- 
der’d ‘that  fo  many  Philofophers,  (and  fome  of  them  of  a new  Date 
too ) when  they  are  fo  curious  in  their  Enquiries  into  other  Parts  of 
Nature  and  fuppofe  them  to  confift  of  fuch  an  innumerable  Chain  of 
Caufes  ’ fhould  refolve  this  great  Point  into  the  dull  and  lazy  Laws 
of  Gravitation  and  natural  Propenfity,  when  its  firft  Source,  Mo- 
tion and  Afcent,  is  fo  eafily  accounted  for  by  the  new  eftablilh’d 
and 'now  fo-well-underftood  Laws  of  Pulfion,  as  having  its  firft 
Source  from  the  Sea,  and  being  arriv’d  through  all  the  permeable 
Parts  and  fubterranemis  Channels  of  the  Earth,  in  a due  Circulation 
and  Afcent,  (as  it  appears  in  all  percolated  and  afeending  Liquors,) 
either  in  a fwifter  or  flower  Current,  (according  to  the  Largeneis 
of  the  Paflages  in  which  it  runs,)  through  thofe  Veins,  Channels, 
and  Duds  of  the  Earth,  till  it  breaks  out  of  the  Sides  of  the  Hills, 
and  traverfes  its  Way,  even  to  its  Return  into  the  Sea  again;  from 
whence  according  to  the  Opinions  of  iome  of  the  beft  Philofophers, 
both  antient  and  modern,  it  had  its  firft  Rile. 

But  to  proceed  to  a ftrid  Examination  of  fome  of  thofe  erroneous 
Opinions  that  have  long  fubfifted  in  the  hidden  Caufe  of  Springs, 
there  are  * (as  Marriott*  in  his  Hydroftaticks,  Page  15.  of  the  En- 
M Edition,  by  the  Learned  T>e fagulier s,)  that  give  another 
Reafon  for  their  Origin  and  Rife,  attributing  it  to  Vapours,  and  not 
Air,)  which  proceeding  from  the  innermoft  Parts  of  the  Earth,  meet 
’ with 


* Of  this  Opinion  alfo  is- RohauU,  one  of  the  Chief  amongft  the  Cartefian  ‘Philofophers , 
who  (Cnp.  x.  Page  41.  of  Dr.  Clarke’s  Edition,)  fays , that  they  are  jrom  Water  ciif- 
folvd  into  Vapour  by  fitbterraneous  Heat , which  by  its  own  fluid  Nature  is  carried  to 
list  Pops  of  the  highefl  Mountains,  &c. 
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with  Rocks  which  are  on  the  Tops  of  Mountains  in  the  Form  of 
Vaults,  do  then  become  Water,  as  in  a Still,  and  then  run  out  at  the 
Foot,  or  the  Declivity  of  thofe  Mountains,  in  the  Manner  we  fee 
them  ; but  this  Supposition  (fays  our  ingenuous  Author)  can  hardly 
be  maintained.  For  if  A,  B,  C,  Fig.  I.  Plate  i.  be  a Vault  in  the 
Mountain  D,  E,  F,  it  is  evident,  that  if  the  Vapours  Should  become 
Water  in  the  Concave  of  the  Surface  A,  B,  C,  that  Water  would  fall 
in  a perpendicular  Manner  towards  H,  G,  I,  and  not  towards  L,  or  M, 
and  consequently  never  make  a Spring.  Befides,  as  it  is  elfewhere  ob- 
served, it  is  denied  that  there  are  Hollows  enough,  if  any  at  all,  of 
a Capacity  large  enough  to  make  Such  Springs ; and  it  can’t  be  made 
appear  (Says  Marriotte)  that  there  are  any  Such. 

If  it  be  Said  that  there  is  Earth  on  the  Side  of,  and  beneath  A,  B, 
C,  it  will  beanfwered,  that  the  Vapours  will  gufh  out  at  the  Sides 
towards  A and  C,  and  that  very  little  will  become  Water  • and  be- 
caufe  it  appears  that  there  is  almoft  always  Clay  where  there  are 
Springs,  it  is  very  likely  that  thofe  fuppofed  distilled  Waters  can’t  paSs 
through,  and  consequently  that  Springs  can’t  be  produced,  by  that 
Means.  And  as  to  what  lome  Authors  tell,  that  Springs  have  ceaSed 
running,  for  having  given  Vent  to  great  Subterraneous  Cavities,  from 
whence  there  proceeded  great  Quantities  of  Vapours  which  became 
Water,  Marriotte  fulpeds  to  be  Stories.  But  it  is  not  denied  that 
there  may  be  Such  Dilpofitions  in  the  Tops  of  Mountains,  and 
chiefly  Such  as  are  covered  with  Snow,  (Such  as  the  curious  Ray,  in 
his  topographical  Observations,  Page  103 .)  mentions  to  be  at  the  Foot 
of  the  Alps,  where  the  Springs  flow  very  fparingly  in  the  Winter  3 
but  in  die  Summer,  and  upon  the  fuppofed  Dilfolution  of  thofe 
Snows,  in  a luxurious  Manner.  But  this  is  rarely  to  be  met  with  in 
England,  and  can’t  be  drawn  into  Confequence  as  to  other  Springs. 

The  ingenious  Dr.  Halley,  in  his  Account  of  Springs,  publifhedin 
the  Tranlaciions  of  the  Royal  Society  for  January  and  February . 
1 691. (and  from  him  Monfieur LaClerc,) affirms,  that  Springs  owe  their 
Original  to  that  great  Quantity  of  Vapours  which  are  drawn  out  of  the 
Ocean  by  the  Heat  of  the  Sun ; and  after  that,  when  the  Sun  de- 
parts the  Horizon,  defcend  again  in  the  Same  great  Quantities  on  the 
Tops  of  high  Hills,  Mountains,  and  other  upland  Grounds,  (espe- 
cially amongft  the  Tropicks,  where  it  put  his  agronomical  Inftru- 
ments  into  a great  Diforder  ,•  and  particularly,  that  his  Paper  was  So 
very  wet,  that  m a ffiort  Time  it  would  not  hold  Ink  ; adding,  that 
thofe  Observations  were  made  not  only  in  Etirope,  but  alfo  in  the 
Ifland  of  St . Hellens.  And  alferts  farther  from  thence,  the  Manner 

how  Springs  may  come  to  break  out  on  the  Tops  or  Sides  of  high 

D ' Hills, 
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Hills,  rather  than  below  ;)  and  that  thofe  Vapours  are  difperfed  here 
and  there  bp  the  Winds,  and  fo  lodge  themlelves  rather  there  than 
on  low  Situations,  finking  down  a little  Way  into  proper  Recepta- 
cles and  Refervoirs,  where  gathering  together,  they  break  out  in 
the  Manner  we  fee  them. 

The  general  Computation  which  that  learned  Author  makes,  as 
they  are  abridged  by  a very  ingenious  Hand,  take  as  follows,  extrac- 
ted as  it  is  from  the  T hilofophical  Tran [actions,  N° . 189,  192.  where 
from  two  Experiments  he  has  endeavoured  to  make  appear,  that  the 
Sun  and  Wind  can’t  raife  lefs  than  A of  an  Inch  Cubick  of  Water  in  a 
Day ; each  fquare  Foot  half  a Wine  Pint,  every  4 Foot  Square  a Gal- 
lon, a Mile  Square  6914  Tuns,  a Square  Degree,  fuppofe  it  be  60 
English  Miles,  3 3 Millions  of  Tuns. 

An  d if  the  Mediterranean  be  eftimated  at  40  Degrees  long,  and 
4 Degrees  broad,  it  will  be  160  Degrees  Square  of  the  Sea,  andcon- 
fequently  will  lole  in  Vapours  yiSo  Millions  of  Tuns  in  a Day. 

The  Mediterranean  receives  thefe  confiderable  Rivers,  (viz.)  the 
Ebro , Rhone , Tyber,  To,  ‘ Danube , NeiJler , Neiper,  'Don,  and  the 
Nile  • and  we  will  fuppofe  each  of  thefe  9 Rivers  to  bring  down  ten 
Times  as  much  Water  as  the  Thames , to  wit,  from  a Calculation 
there  made  of  1827  Millions  of  Tuns  in  a Day,  will  be  brought  in- 
to the  Mediterranean  by  the  Rivers  running  into  it,  which  is  little 
more  than  what  is  proved  to  be  raifed  in  Vapours  from  the  Sea  in 
that  Time,  one  Part  falling  back  again  into  the  JSleditC)  y anean  in 
Rains  and  Dews,  and  the  remaining  Part  is  fupplied  by  the  Current 
conftantly  letting  into  the  Straits  at  Gibraltar.  Hence  likewife  ap- 
pears the  Reafon  of  the  Cafpian  Sea’s  never  overflowing  at  all,  tho* 
ft  receives  fo  many  large  Rivers,  yet  fends  forth  none,  as  much  be- 
ing carried  off  in  Vapours  as  the  Rivers  fupply. 

Now  if  an  Atom  of  Water  be  expanded  by  Pleat  into  a Bubble, 
Times  bigger  than  it  was  in  its  natuial  State,  luch  an  Atom 
would  be  fpeclflcally  lighter  than  Air,  and  rife  continually,  till  the 
Warmth  declining,  and  the  Air  growing  cooler,  and  withal  fpecifi- 
cally  lighter,  the  Vapours  confequently  lhall  flop,  or  defcend  at  a 
certain  Region  of  the  Air.  Next  confider  the  Earth’s  Surface,  as 
interfperfed  with  high  Ridges  of  Mountains,  to  which,  when  the 
Vapours  are  carried  by  tl/e  Winds,  they  are  compelled  by  the  Stream 
of  Air  to  mount  up  with  it  to  the  Tops  of  thole  Mountains,  where 
beinp-  precipitated  by  the  Cold,  it  gleets  down  the  Crannies  of  thofe 
Stones,  and  uniting,  forms  Angle  Springs ; the  Union  01  feveral  of 
which  forms  Rivulets,  many  of  which  joining  together  form  Streams, 
fuch  as  the  Danube,  &c.  which  latter,  one  would  hardly  think  could 
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be  compofed  of  Vapours,  were  it  not  confidered  at  the  fame  Time 
what  vaft  Tra&s  of  .Land  that  River  drains  ; in  Proportion  to  which 
and  for  the  aforefaid  Reafon,  we  find  Rivers  great  or  final].  From 
this  Hypothefis  likewife  appears  the  final  Caule  of  Hills,  which  ferve 
for  Alembicks  to  diftil  Waters  for  the  Ufe  of  Man  and  Beafh 

But  for  a more  particular  Account  how  this  great  Work  of  Na- 
ture is  performed,  and  how  thole  Vapours  are  raifed  from  the  Sea, 
the  Explanation  of  the  following  Plate  does  more  clearly  demonftrate! 

These  Vapours  then  which  are  raifed  from  the  Sea,  from  P,  to  g, 
and  F,  may  be  thus  accounted  for.  Let  Fig.  II.  Plate  i.  reprefent 
the  Globe  of  the  Earth,  to  P,  Qj  R,  S,  furrounded  by  the  Air,  as 
far  as  B,  A,  D,  which  being  heavy  in  it  fell;  and  thereby  capable  of 
being  compreffed^  grows  continually  finer  from  below  at  P,  up- 
wards through  g,  and  F,  to  B,  and  confequently  lighter,  becaufe  its 
elaftick  Faculty  dilates  it  more  in  Proportion,  as  the  Prelfure  of  the 
Air  is  dim  infilled ; and  as  it  fcatters  the  Particles  of  Air  from  each 
other,  renders  it  lighter  in  an  equally  enlarged  Space.  And  if  we 
now  luppofe  farther,  that  this  fame  Air  is  heavier  below  at  that 
Part  of  the  Globe  which  lies  between  F and  P,  and  lighter  above 
between  F and  B,  than  the  Water  evaporated  or  mingled  with  Fire 
fo.  that  about  F,  G,  H,  the  faid  Air  is  of  equal  Gravity  with  it  it 
will  follow  from  what  has  been  juft  now  mentioned,  that  the  Va- 
pours between  F and  P will  afcend  ; that  being  raifed  to  the  Bounds 
of  the  Equilibrium  F,  G,  H,  they  will  float  like  Clouds  at  I,  and 
I,  G;  and  being  equipoifed,  will  neither  rife  nor  fall;  but  when 
raifed  higher  to  B,  I,  or  H,  D,  they  will  defcend. 

This  demonftrates  how  Vapours  are  rais’d  from  the  Sea  from  P 
tog,  by  the  Warmth  of  the  Sun;  as  alfo  how  they  arc  enabled  to’ 
float  in  thin  Air,  as  in  different  Stages  and  Degrees  of  Height  as  g, 
K,  d,  and  F,  I,  G : And,  moreover,  why  the  faid  Vapours  bein<>- 
rais'd  higher  up  to  Z by  the  Winds,  or  driven  againft  one  another 
by  contrary  Winds,  and  for  other  Reafons  do  defcend  in  Rain- 
Snow,  and  the  like. 

But  Dr.  Halley  fubjoins  another  Manner  to  thefe,  namely,  that 
a floating  Vapour  or  Cloud  in  E,  being  driven  againft  the  Moun- 
tain Q,  N,  R,  by  the  Winds  at  E,  afcends  to  the  Top  N,  and 
there  being  got  into  a lighter  Air,  cannot  be  any  longer  fuftained 
but  falls  down  in  fmall  Drops  upon  the  Head  of  the  Mountain  and 
from  thence  running  down,  fill  the  Cavities  of  the  Mountains,  (which 
contrary  to  the  Opinion  of  Mariotte , and  others,  are  fuppofed  to 
be  found  there  with  Water,  and  fo  continually  running  down  through 
the  Orifice  at  M,  produces  the  little  Brooks  m,  e,  F or  M e V • 

2 which 
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which  joining  themfelves  with  others  of  the  fame  Nature,  form  a 

By  this  Way  it  appears  then,  (fays  my  Author,)  why  the  Wateis 
are  aflembled  in  greater  Quantities  upon  the  Mountains,  than  below ; 
for  as  much  as  their  Tops  from  Qo  R,  to  N,  againft  the  Winds  which 
drive  the  Clouds  m,  E,  K,  d,  &c.  they  ferve  for  Bamcadoes,  or 
Crofs-trees,  and  fo  do  either  force  the  Vapours  to  afcend  into  a light- 
er Air,  or  forcing  them  againft  thofe  Tops,  fqueeze  them  togediei, 
whereby  they  become  heavy,  and  fall  down  again. 

Now  thefe  Vapours  (fay  our  Naturalifts)  are  condens  d by  the 
great  Shadows  which  thefe  Mountains  produce,  and  which  occahon 
a continual  cold  Air  about  them,  even  in  the  hotteft  Seaions,  as  is 
feen  in  the  Extract  of  the  Hiftory  of  Bohemia , Act.  Lipf.  i 68 x. 
Page  zaa.  And  on  fome  Places,  even  on  the  Alps , in  Italy  it  ielr, 
where  the  Snow  has  been  known  to  remain  for  ftxteen  Years  together, 
the  old  being  of  brownifh  Colours,  by  which  they  were  diftm- 
guifhed  from  later  Snows,  which  were  white  and  clear.  _ 

Suppose  then  the  Sun  to  be  at  O,  Fig.  II.  of  the  following  Plate, 
where  the  Mountains  Q_,  N,  R,  calling  its  Shadow,  _ as  Qo  E,  X ■, 
there  the  Sun-Beams  are  hindered,  either  by  Mountains  lying  about 
it  or  becaufe  the  Sun  Urines  feldomupon  that  Side,  from  evei  heat- 
ing the  Air  to  fuch  a Degree,  as  is  found  in  the  next  accent  Air. 
It  is  plain  then  that  the  Air  within  the  Shadow  Qo  E,  X,  will  be 
a great  deal  colder  than  that  which  encompafles  the  Mountain  out  ot 
the  Shadow.  And  this  is  the  Caufe  of  the  Condenfation,  and  con- 
fequently  the  heavy  Defcent  of  thefe  Vapours,  now  fuppofed  to  be 
turned  into  Water.  And  to  flrew  how  the  Sea  is  difpos  d to  emit  luch 
a Quantity  of  Vapours  as  are  neceftkry  for  the  above  mentioned  Pur- 
pofes,  the  learned  Halley,  in  his  ThilofiphicalTranf aft  ions  for  Sep- 
tember and  October  1688,  has  fet  down  an  Experiment  made  in  a 
Velfel  full  of  Water,  4 Inches  deep,  and  7 Inches  A in  IJiameter, 
where  having  warmed  the  Water  to  fuch  a Degree  as  he  fuppofed 
the  Air  mi^ht  be  in  fome  of  the  hotteft  Months  of  the  Yeai,  by 
weighing,  he  found  that  there  was  almoft  a Quarter  of  an  Ounce 
evaporated  in  about  an  Hour’s  Time,  altho’  there  was  little  or  no 
Reak  or  Smoke ; neither  did  it  upon  the  dipping  in  of  die  Finger 
appear  to  be  hot : From  which  it  may  be  calculated,  that  m 24  Hours 
Time  there  would  be  6 Ounces  evaporated  out  of  that  imall  Super- 
ficies ? The  Oxford  Society  have  carried  this  Experiment  yet  iur- 
ther,'  and  have  fuppofed,  that  a Cubick  Foot  of  Water  weighs  yd 
Pound,  which  Foot  containing  1728  Cubick  Inches,  and  divided  by 
76,  gives  an  Ounce  and  13  Grains,  which  is  the  W eight  o^an 
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Inch  Cubick  of  Water,  the  Weight  therefore  of  2 3 3 Grains,  is  as 
fff  or  thirty  five  Parts  of  a Cubick  Foot. 

The  Area  then  of  a Square,  whofe  Side  is  feven  Inches  and  up- 
wards, is  forty  nine,  by  which  if  you  divide  the  Quantity  of  Water, 
which  it  is  carried  off  in  Vapour,  viz.  if,  the  Produd  is  8x/a , or 
from  which  appears,  that  there  was  fifty  three  Parts  of  an  Inch  car- 
ried off  in  that  Experiment,  and  is  as  plain  a Demonftration  as  liich 
an  Experiment  will  produce.  How  great  a Quantity  of  Vapour 
may  be  exhal’d  from  Bodies  of  Water,  which  are  larger  (enough  to 
fupply,  as  may  be  inferr’d  from  that  learned  Author)  when  the  vaft 
Extent  of  the  Ocean,  and  other  watery  Bodies,  are  confider’d,  not 
only  Rains,  Dews,  - &c.  but  alfo  all  large  Springs  when  they  lodge 
themfelves  on  the  Tops  of  Hills  and  Mountains,  as  has  been  de- 
fcribed  in  the  Paragraphs  before  going. 

Thus  have  I,  with  as  much  Induftry  and  Perfpicuity  as  I could, 
fumm’d  up  the  Opinion  of  this  great  and  learned  Man,  being  un- 
willing to  take  upon  me  to  overturn  what  he  has  thus  judicioufly 
fet  down.  However,  that  I may  purfue  my  intended  Method,  I muft, 
with  all  who  have  confider’d  any  thing  of  the  great  Effeds  which 
Vapours  produce  in  many  Parts  of  the  World,  own  how  largely 
they  contribute  to  the  Formation  of  Rains  and  Dews,  in  fo  much 
that  we  are  told  by  Mr.  Warren , in  the  AH.  Lipf.  Page  98.  That 
the  Clouds  and  Fogs  hanging  over  and  about  the  Mountain  called 
th zPike  ofTeneriffe , do  run  down  every  Day  about  Noon  in  fuch  vaft 
Quantities,  that  they  do  abundantly  fupply  the  Place  of  great  Rains, 
which  never  fall  upon  other  Parts  of  that  Ifland : And  the  fame 
is  confirm’d  by  the  learned  Dodor  himfelf,  who  concludes  from 
what  he  had  before  laid  down  on  that  Head,  what  great  Quantities 
of  Water  muft  be  colleded  in  a little  Time  on  Mountains  which 
are  larger;  fuch  as  the  Pyrennees,  the  Alps , the  Apenine , and  Car- 
pathian Mountains  in  Europe  ; the  Taurus , Carcafits , and  Inmans ^ 
in  AJia\  with  others  of  great  Note  in  America. 

But  although  Vapours  have  fo  great  an  Effed,  as  to  fupply  fome 
of  thofe  Parts  of  the  World  fo  plentifully,  that  they  have  no  Occa- 
fion  of  Rain  itfelf,  yet  common  Experience  tells  us,  that  in  Eng- 
land, at  leaft,  there  is  no  fuch  Thing;  nor  do  Vapours  contribute 
much  (if  any  thing  at  all)  to  the  furnilhing  of  Springs  or  Brooks ; 
nor  are  they  to  us  of  any  other  Ufe,  than  that  by  their  Sublimation 
into  the  upper  Regions  of  the  Air,  being  there  condenfed  into  Rain 
or  Dews,  they  delcend,  and  fall  down  gently  again  : Nor  was  it 
ever  obferv’d,  that  the  thickeft  Dews,  Fogs,  or  Vapour  that  ever 
fell  with  us,  did  at  any  Time  enter  ten  Foot  into  the  Ground,  or  do 
3 any 
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any  other  than  lodge  itfeif  in  woolly  hairy  Subftances,  on  the  Sur- 
face of  the  Earth : Befides  where  fuch  large  Caverns  are  to  be 
found,  as  defcrib’d  by  the  learned  Nieuentyl , Fig.  II.  of  the  next 
Plate,  is  (amongft  all  the  caverous  Obfervations  which  we  have 
made)  hard  to  be  found  ; and  if  Rain  does  not  contribute  to  the  Ori- 
ginal and  Enlargement  of  Springs,  (which  lhall  be,  in  its  proper  Place, 
prov’d  it  does  not,}  how  is  it  polTible  that  Vapour  or  Dews  fiiould 
do,  (efpecially  in  England ,)  where  their  Strength  is  not  fo  great 
as  it  is  in  foreign  Regions. 

Besides,  it  rnuft  be  fuppos’d  that  all  Vapour  and  Miffc  falls 
(as  Rain  does)  againft  one  Hill,  as  well  as  another  ; and  why  then 
fhould  not  the  Hills  in  Salisbury  Elam  emit  the  fame  Quantity  of 
Springs,  as  other  Countries.  More  than  that,  there  muft  be  great 
Quantities  of  Vapour;  and  it  ought  to  be  continual,  and  immediate- 
ly fucceeding  one  another  alio,  to  fupply  the  Streams  of  a perenial 
Fountain,  which  runs  ftronger  in  the  Winter,  when  few  or  no  Va- 
pours fall  only  in  Rain,  (and  when  there  are  few  or  none  of  thofe  re- 
peated Exhalations,)  than  it  does  in  the  Summer,  when  they  abound 
moft;  fo  that  if  thefe  Vapours  contribute  any  Thing  towards  the 
Supply  of  Springs,  it  mult  be  in  mountanous  and  woody  Countries, 
where  lodging  on  the  Summits  and  Tops  of  the  Trees  and  Hills, 
they  liquate  and  run  down  into  the  Chaims  of  the  Earth,  and  after 
that  break  out,  and  diiperfe  themfelves  for  the  Ufe  and  Benefit  of 
Mankind,  in  the  Manner  fo  often  delcrib’d. 

The  Curious  Monfieur  Marriotte  (with  fome  others  of  our  own 
Country)  are  of  the  Opinion,  that  Springs  have  their  Rife  from  Rains 
only,  and  produce  Experiments,  wherein,  by  Calculation  it  appears, 
that  the  Rains  which  fall  in  a Year,  are  more  than  enough  for  the 
Supply  of  Springs ; one  of  which  he  tells  us  was  made  at  his  Requeffc 
by  a skilful  Man  at  EFjon,  who  plac’d  near  the  Top  of  his  Houfe 
a fquare  Velfel  of  about  two  Foot  Diameter,  at  the  Top  of  which 
there  was  a Pipe,  which  convey’d  the  Rain  that  fell  into  it  into  a Cy- 
linderick  Velfel,  where  it  was  eafy  to  meafure  it  as  olten  as  it  rain’d; 
for  when  the  Water  was  in  the  Cylinderick  Velfel,  there  was  very  lit- 
tle exhal’d  for  five  or  fix  Days. 

The  Velfel  of  two  Foot  Diameter,  was  fuftain’d  by  a Bar  of 
Iron,  which  advanc’d  above  fix  Foot  beyond  the  Window  whereon 
it  was  placed,  and  fo  fixed  that  it  might  receive  only  Rain-Water 
which  fell  immediately  upon  the  Breadth  of  its  opening,  and  that 
there  might  not  any  enter  but  what  was  to  fall  according  to  the  Pro- 
portion of  the  upper  Surface.  The  Refult  of  thefe  Experiments  was, 
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that  in  a Year  there  might  commonly  fall  in  Rain-Water,  to  the 
Height  of  feventeen,  (though  others  of  our  own  Country  lay  nine- 
teen Inches,)  as  does  the  Anonymous  Author  of  a French  Book 
(mentioned  by  Marriotte  and  Dr.  Plott ,)  entitled,  Fie  I’Origine  cles 
Fontaines , by  Experiments  which  he  had  made  three  Years  fuccel- 
fively. 

But  let  it  be  fuppofed  (with  Marriotte ) that  lels  than  thefe  Ob-- 
fervations,  and  that  in  a Year  there  falls  Rain  only  to  the  Height  of 
fifteen  Inches.  Upon  this  Suppofition  there  would  fall  upon  a Fa- 
thom in  a Year  forty  five  Foot  Cubick  of  Water ; and  fuppofing  that 
a League  contains  1300  Fathoms  in  Length,  and  that  a l'quare 
League  contains  5290000  fuperficial  Fathoms,  which  being  multi- - 
plied  by  45  (the  Number  of  Cubick  Feet  that  fall  upon  a Fathom 
in  a Year,)  the  Content  is  238050000  Cubick  Feet,  which  accord- 
ing to  Englifi ')  Computation,  is  about  2380500  Hoglheads,  fup- 
pofing that  ten  Cubick  Feet  French  of  Water  makes  a Hoglhead, 
which  it  does,  and  more. 

Again,  Marriotte  obferves,  in  Relation  to  the  Strength  of  Springs, 
that  the  Content  of  the  whole  Extent  in  Land,  on  the  Sein  and 
other  Rivers,  is  fixty  Leagues  in  Length,  and  fifty  in  Breadth,  which 
makes  3000  fquare  Leagues,  the  Produd  of  which  being  multiplied 
by  238050000  amounts  to  714150000000  Cubick  Feet,  which 
being  divided  by  10,  as  before,  amounts  to  7141 5000000  Hoglheads  • 
English , which  the  Lands  that  furnilh  the  Waters  of  the  Seine  at 
Paris  receives  from  the  Rain  in  one  Year. 

Now  as  to  the  Expence  of  this  Water,  Marriotte  calculates  it  in  the 
following  Manner  : The  Seine,  fays  he,  above  Pout-Royal,  when 
it  touches  the  two  Keys,  covering  but  very  little  of  the  Extremity 
of  Land  on  both  Sides,  for  about  the  Breadth  of  four  hundred  Foot, 
•and  five  Foot  deep  in  the  Main,  is  then  in  its  mean  Bulk;  and  its 
Velocity  at  the  Surface  is  fuch,  that  it  goes  150  Foot  in  a Minute, 
but  it  goes  250  Foot  when  the  Waters  are  at  their  greateft  Height  ; 
for  a Stick  which  is  carried  in  the  Middle  of  the  Stream,  goes  as 
fwiftly  as  a Man  who  walks  very  fall;,  which  may  be  faid  to  be  1 5000 
Foot  in  an  Hour,  and  confequently  250  in  a Minute,  which  is  full 
four  Foot  in  a fecond.  But  becaufe  the  Bottom  of  the  Water  does 
not  go  fo  fwift  as  the  Middle,  nor  the  Middle  fo  fall:  as  the  upper 
Surface,  (as  will  be  hereafter  proved,)  let  it  belaid  that  its  mean  Ve- 
locity is  100  Foot  in  a Minute. 

The  Produdtof  400  Foot,  which  is  the  Breadth,  being  multiplied 
by  five,  the  Middle,  or  mean  Depth  gives  2000 ; for  it  is  eight  or 
ten  Foot  deep  in  fome  Places,  in  others  fix,  three,  or  two,  and  the 
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ProduCt  of  2000  by  100,  makes  200000  Cubick  Feet;  and  confe- 
quently  there  palfes  through  a SeCtion  of  the  Bed  of  the  River  Seine 
above  Tont-Royal  200000  Cubick  Feet  in  a Minute,  12000000  in 
an  Hour,  288000000  in  twenty  four  Hours,  and  105120000000 
Cubick  Feet,  or  ixoooooo  Hogfheads  Englijh  in  a Year,  which  is 
not  the  fixth  Part  that  falls  by  Rains  and  Snows,  which  as  has  been 
before  calculated,  is  7x4150000000  Cubick  Feet,  or  71415000000 
Hogfheads  English  in  a Year. 

It  is  plain  then  (fays  our  very  curious  Author)  that  if  the  third 
Part  of  the  Rain-Water  was  to  be  exhal’d  up  in  Vapours  immediately 
after  it  fell,  and  if  half  of  the  reft  was  to  remain  fome  Time  upon 
the  Surface  of  the  Earth  to  keep  it  wet,  as  it  ordinarily  happens, 
and  fome  in  the  fubterraneous  Places  under  great  Plains ; and  if  on- 
ly the  Remainder  foak’d  in  through  little  Conducts  to  make  Springs 
underneath,  or  upon  the  Declivity  of  a Hill,  there  would  ftill  be 
enough  to  produce  thofe  Springs  and  Rivers  as  they  now  appear  ; and 
if  you  take  eighteen  Inches  inftead  of  fifteen  in  the  above  mentioned 
Calculation,  you  will  have  inftead  of  714000000,  the  Sum  of 
856980000000  Cubick  Feet,  or  85698000000  Hogfheads,  which  is 
eight  Times  as  much  as  is  expended  in  the  Current  of  the  River 
Seine. 

From  all  which  appears,  the  great  Poffibility  there  is  that  the  Ori- 
ginal of  Springs  may  be  from  Rain,  Snow,  &c.  But  yet  as  fpecious 
as  it  appears  to  be,  there  are  a great  many  Objections  to  be  brought 
againft  it,  fome  of  which  I fhall  name  in  their  Courfe : As,  firft,  that 
if  Rains  be  the  Occafion  of  Springs,  how  comes  it  to  pafs,  that  fome 
very  large  Tra&s  of  Lands,  fuch  as  we  have  in  the  Weft  of  England , 
have  but  few,  and  fome  but  very  fmall  Rivulets  and  Streams  of  Wa- 
ter, whilft  others  more  Northward,  abound  in  very  large  Rivers, 
there  being  no  Rivers,  either  in  Hants , Wilts , or  2 'lorfet,  1 
may  add  Somerfetjhire that  are  comparable  to  the  'Trent,  the  Hum- 
ber, or  the  Severn , though  the  Trafts  of  Land  that  are  to  fupply 
them,  are  much  larger  than  in  any  of  thefe  Countries.  And  it  is 
generally  obferved,  that  thefe  Weftern  Counties  produce  as  much  or 
more  Rain  than  any  other  Counties  of  England  do,  on  Account  of 
their  being  fituated  fo  near  the  Weftern,  or  Atlantic k Ocean,  which 
produce  fuch  Varieties  of  Wind,  Rain,  &c.  And  indeed  the  Obferva- 
tion  is  fo  general,  that  the  largeft  champain  Countries  produce  the 
leaft  Springs ; whilft  others  of  lefs  Amplitude,  fuch  as  Gloucefter , 
Salop,  Nottingham , and  other  Counties,  produce  them  in  much 
greater  Quantities. 


The 
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The  Reverend  and  Ingenious  Mr.  Deerham , whofe  Works  are 
now  fo  juftly  admired,  on  Account  of  the  Accuracy  of  his  Style, 
and  the  Curioufnels  ot  his  Obfervations,  in  his  Thyjico  Theology , 
Page  50.  (amongft  many  other  ftrong  Reafons,  concludes  from  the 
Perennity  of  divers  Springs,  which  always  affords  the  fame  Quanti- 
ty of  Water,  that  Rains  can  have  little  or  no  Effed,  nor  do  they 
contribute  much,  if  at  all,  to  Springs.  And  of  thefe  Sort  of 
Springs,  he  tells  us,  there  are  many  to  be  found  every  where,  but 
particularly  Angles  out  one  in  the  Parifh  of  Vyminjler,  where  he 
lived. 


This  in  the  greateft  Droughts  was  little,  if  at  all  diminifhed,  altho’ 
the  Ponds  all  over  the  Country,  and  in  adjoining  Brooks,  (which  had 
really  their  Original  from  Rain  and  Land-Floods,)  were  dry  for  ma- 
ny Months  together ; as  particularly  in  the  dry  Summer  Months  of 
the  Year  1705.  And  in  the  wetteft  Seafons,  luch  as  the  Summer 
Months,  and  others,  which  preceded  the  violent  Storm  in  November 
1703.  {See  Thilofophical  Tranfattious,  N9.  2.89.)  it  was  not  ob- 
ferved,  that  there  was  any  Increment  of  its  Stream,  excepting  only 
from  the  violent  Rains  falling  therein,  or  running  down  from  higher 
Lands  thereinto  ; which  difcoloured  the  Water  lometimes,  and  made 
an  Increafe  only  for  a Day  or  two?  or  lometimes  but  of  a few  Hours 
Continuance.  But  now  if  that  Spring  had  had  its  Origin  from  Rain 
and  Vapours,  there  would  have  been  fuch  an  Increafe  and  Decreafe 
of  the  one,  as  there  Ihould  happen  to  be  of  the  other ; as  it  actually 
is,  m fuch  temporary  Springs,  as  have  their  undoubted  Source  from 
Rain,  Snow,  &c. 


But  befides  this,  there  was  another  conliderable  Thing  in  the 
T tyminfter  Spring,  (as  it  is  in  a thoufand  others')  which  was,  that  it 
breaks  out  of  fo  inconliderable  a Hillock  or  Eminence  of  Ground, 
that  can  have  no  more  Influence  in  the  Condenfation  of  Vapours,  or 
the  Dropping  of  the  Clouds,  (which  the  Maintainers  of  this  Hypo- 
thecs fuppofe,)  than  the  lower  Lands  about  it  have.  By  lome  cri- 
tical Obfervations  which  were  made  by  this  curious  Obferver  of  Me- 
teorology with  a portable  Level,  his  Houfe  flood  80  or  90  Foot 
higher  than  the  lower  Water-Mark  in  that  Part  of  the  River  Thames 
which  was  neareft  to  him ; and  that  Part  of  the  River  being  Farce 
thirty  Miles  from  the  Sea,  he  guefidd  (and  was  afterwards  more  ful- 
ly convinced  of.  it  by  Experiments)  that  he  could  not  be  above 
100  Foot  above  it:  The  Spring  he  judged  to  be  nearly  with,  or  but 
little  higher  than  where  his  Houfe  Hands;  and  the  Lands  from 
whence  it  immediately  proceeds,  about  iy  or  20  Foot  higher  than  the 
®Prin§  ? and  the  Lands  above  that  of  no  remarkable  Height.  And, 
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indeed,  by  affual  Meafure,  one  of  the  higheft  Hills  in  that  County 
was  but  393  Foot  high;  and  by  other  Experiments  he  was  convinced, 
that  neither  that  nor  any  other  Land  in  Ejfex  was  above  400  Foot  above 
the  Sea.  Now  what  (fays  my  learned  Author)  is  fo  inconfiderate  a Rile 
of  Land  for  the  perennial  Condenfation  of  Vapours?  or,  I add,  fuch  a 
fmall  Hillock  as  is  before  defcribed,  for  the  Maintenance  even  of  fo 
inconfiderable a Fountain  as  what  was  juft  mentioned?  or  indeed  the 
whole  County,  to  the  maintaining  of  fo  many  Fountains  or  Rivulets  as 
are  therefound?  Buttho*  that  ihou Id  be  allowed  to  be  poflible  by  the 
Calculations  before  mentioned,  yet  how  fnould  it  come  to  pafs,  that 
that  and  other  Springs,  fhould  keep  on  in  one  conftant  and  uniform 
Courfe,  not  increaled  by  great  Rains,  nor  decreafed  by  dry  Weather, 
(if  Rain  alone  was  the  Origin  and  Caufe  of  them,)  is  hard  to  con- 
ceive. 

But  this  is  not  all,  there  being  other  Objections  that  offer  them- 
felves  againft  this  Hypothefis  of  Mariotte , and  his  Followers:  One 
of  which  is,  That  though  the  Rain  that  falls  in  or  near  the  River 
Seine, c.  does  (as  appears  by  Calculation, ) fufficiently  produce  Water 
enough  to  fupply  that  River;  yet  there  are  other  Places  where  the 
Springs  are  fo  large,  and  where  there  is  no  fupereminent  Ground, 
that  ’tis  impoffible  that  they  can  have  their  Original  therefrom.  Jo. 
Bapt.  Ricciolus  in  Almegijlo  novo , Lib.  II.  Cap.  13.  as  quoted  by 
Dodlor  Plot,  Page  74.  of  his  Treatife  De  Origine  Fontium , tells  us, 
that  there  flows  into  the  Adriatick  Sea  in  one  Hour,  1 8000000  Cu- 
bick  Paces  of  Water;  which  if  he  means,  as  he  certainly  does,  Geo- 
metrical Paces,  which  are  five  Times  the  Quantity  ofourCubick  Feet, 
it  makes  90000000  Cubick  Feet,  which  is  near  eight  Times  the  Quan- 
tity, that  according  to  Mariotte , the  Seine  gives  : And  this  River, 
fays  my  often  quoted  Author,  is  lcarce  to  be  compared  to  the  Thames y 
or  the  Severn , or  even  the  Rhone  in  France , which  is  (it  is  to  be 
fuppofed)  a great  deal  larger  than  the  Seine , which  makes  but  a poor 
Figure  compared  to  our  Thames  at  London , or  the  Severn  towards 
Briflol , as  the  Maps  demonftrate.  This,  I fay,  lhews  the  Inequali- 
ty, at  leaft,  that  there  is  in  the  Fluxion  of  Springs  in  different  Places, 
though  there  are,  or  may  be  Lands  of  equal  Superficies  to  fupply  the 
one  as  well  as  the  other.  And  certain  it  is,  that  there  are  Lands  very 
large  and  voluminous,  where  there  are  few  or  no  Rivers  at  all  ;and  in 
other  Places  prodigious  large  Rivers,  where  there  is  no  fupereminent 
Ground,  the  Danube  it  felf  rifing,  as  fome  Authors  affirm,  in  the  Mid- 
dle of  plain  Fields.  But  of  this,  more  elfewhere. 

Farther,  that  Rains  have  little  or  nothing  to  do  in  the  Original 
and  Rife  of  Springs,  I take  from  the  following  Obfervation,  which  I 
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my  felf  have  lately  made  at  Chelmsford  in  Ejfex , where  there  is  one 
of  the  molt  conftant  and  fineft  Springs  I ever  faw,  efpecially  in 
a Town. 

At  the  Conduit,  which  is  in  the  Market-Place,  there  are  three 
Pipes,  from  which  the  Inhabitants  fetch  their  Water:  Thefe  three 
Pipes,  fupplied,  as  they  are,  by  a five  Inch  Main,  emit  oneFIogfhead 
and  half  and  four  Gallons  in  a Minute,  12272  Hoglheads  and  48  Gal- 
lons in  one  Day,  69469  Hoglheads  three  Gallons  in  a Month,  830191 
Hoglheads  3 9 Gallons  in  a Year.  This  Account  was  taken  in  the  Sum- 
mer, when  the  Pipes  might  be  fappofed  to  afford  Ids  Quantities  than 
in  the  Winter. 

Accordingly  it  is  obferved,  that  when  another  Spring,  which 
lies  fomewhat  above  the  other,  fends  out  its  Water,  which  it  does 
about  the  Autumnal  Equinox,  which  this  Year  1727  happens  about 
the  Fourth  of  October,  and  is  the  Occafion  why  the  Coronation  of  his 
prefent  Majefty  King  George  the  Second,  is  deferred  till  the  nth  of 
this  Month,  that  then  by  the  Union  of  the  Spring  above  it,  the 
Conduit  will  run  half  a Hoglhead  in  a Minute  more  than  it  did  before. 

Now  the  Reafon  of  this  Spring’s  being  dry,  at  leaft,  that  it  does 
not  afford  much  Water  in  the  Summer,  and  fo  great  a Quantity  in 
the  Winter,  is  with  great  Probability  of  Truth  owing  to  the  Low- 
nefs  of  the  Tides  all  the  Summer  : For  as  for  Rains,  let  them  hap- 

pen to  be  never  fo  great,  they  never  enlarge  the  Quantity  of  Water 
the  Springs  fend  out  in  the  wetteft  Summer;  nor  does  the  Spring  give 
any  Thing  lefs  in  thofe  Summers  which  are  the  drieft : So  that  it 
appears  plain  enough,  that  it  is  the  high  Tides  which  happen  at  that 
or  any  other  Time  of  the  Year,  which  gives  Birth  to  that  uppermoft 
Spring,  according  to  the  Height  of  the  Sea,  and  the  Gravitation  of 
the  Atmolphere.  And  this  is  the  Opinion  of  the  Inhabitants  who 
have  long  obferved  it. 

As  to  the  Manner  how  Waters  are  raifed  up  into  Mountains,  and 
other  high  Lands,  and  which  has  all  along  puzzled  fo  many  great 
Men,  (Mr.  fDeerham  fays,)  may  be  conceived  by  an  eafy  and 
natural  Reprefentation,  made  by  putting  a little  Heap  of  Sand 
or  Athes,  or  a little  Loaf  of  Bread,  into  a Bafon  of  Water,  where 
the  Sand  will  reprefent  the  dry  Land,  or  an  Ifland,  and  the  Bafon  of 
Water  the  Sea  about  it;  and  as  the  Water  in  the  Bafon  rifes  up  to  or 
near  the  Tops  of  the  Heap  in  it,  fo  does  the  Water  of  the  Sea, 
Lakes,  &c.  rife  in  Flills:  Which  Cafe  he  takes  to  be  the  fame  with 
the  Rife  of  Liquids  in  capillary  Tubes,  or  between  contiguous  Plains, 
orina  Tube  fill’d  with  Afhes;  of  which  the  induffrious  and  corn- 
pleat  Artificer  in  Air-Pumps,  Mr.  Hawksbee  has  given  lorne  not 
contemptible  Experiments  in  his  Ehyf  Meehan.  Experim.Vagc  159. 
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which  lhall  be  exhibited  in  their  proper  Places,  and  proceed  to  the 
farther  Examination  of  thefe  and  other  Hypothefes  which  lie  before  us. 

Rohaalt , in  his  Bhyficks,  Part  III.  Cap.  io.  in  his  Account  of 
Springs,  fays,  Thattho’  one  can’t  think  of  their  Original  without  Ad- 
miration,  yet  that  the  Enquiry  was  not  very  difficult. 

For  if  we  confider,  (fays  he,)  firft  of  all,  that  there  are  few  or  no 
Springs  which  ever  grow  dry,  and  that  Rivers,  which  are  compofed 
of  thole  Springs,  are  continually  flowing  into  the  Sea ; it  is  eafily 
inferred,  that  the  Sea  fupplies  all  thole  Fountains  with  Water  by 
the  fubterraneous  Streams  which  fhe  diftributes  through  all  the  Veins 
and  Pores  of  the  Earth. 

If  (with  this  ingenious  Author)  we  come  to  a more  particular  Ac- 
count of  the  Manner  by  which  this  Water  may  be  brought  to  Fountains, 
it  is  certain,  that  the  exterior  Part  of  the  Globe  is  divided  into  an  infi- 
nite Number  of  Channels,  through  which  it  is  eafy  to  be  conceived, 
that  Water  may,  by  its  own  Gravity,  and  the  Fluidity  of  its  Na- 
ture, fpread  it  l'elf  even  from  Places  of  the  greateft  Diftance  from 
the  Ocean. 

It  is  vifible,  (fays  he,)  that  all  ponderous  Liquors,  when  they 
are  included  in  great  Veflels,  colled  themfelves  into  a Level,  and 
no  Part  of  them  can  be  higher  one  than  another.  The  Sea  Water 
in  Burgundy  and  Champaigne  for  Example,  out  of  which  the  Foun- 
tains of  the  Seine  arife,  and  of  which  that  River  is  compofed,  which 
empties  it  felf  at  Havre  de  Grace , being  all  on  a Level ; it  is  plain 
that  that  Water  can’t  be  raifed  any  higher;  and  yet  when  the  Coun- 
tries before  mentioned,  where  thefe  Springs  fpread  themfelves  by  the 
Declivity  of  the  Courfe  of  the  fame  Seine,  are  higher  in  their  Super- 
ficies than  the  Sea,  there  are  fmall  Veins  of  Water  which  belong  and 
fend  the  Water  to  thofc  which  lie  higher  ; and  for  that  Realbn  muff, 
by  fome  Means  or  other,  rife  much  above  the  Height  of  the  Su- 
perficies of  the  Water  therein.  It  therefore  remains,  that  we  find 
out  the  Method  by  which  Water  may  be  raifed  from  thofe  low  Caves 
into  the  Tops  of  Mountains  ; all  which  fhall  be  done  in  its  proper 
Place.  And  to  proceed  : 

Having  thus  traced  the  Opinions  of  many  Authors,  both  antient 
and  modern,  with  their  Arguments  pro  and  con , as  to  the  Ori- 
ginal and  Rile  of  Springs,  it  appears  that  fitch  is  the  different  Sen- 
timents which  they  are  of,  that  it  is  ftill  fomething  of  a Doubt  from 
whence  it  is  that  their  real  Source  is : I come  now  to  what  I have 

all  along  chiefly  aimed  at,  and  which,  with  humble  Submilfion  to  bet- 
ter Judgment,  I take  to  be  the  true  Original  of  all  Kinds  of  Springs, 
after  haying  fumm’d  up  all  that  has  been  faid  on  this  Head  ; as,  firft, 
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That  it  cant’t  be  from  Air,  (as  Arifiotle  and  his  Followers  would  have 
it,)  nor  from  Vapours,  either  from  above  or  below,  (as  the  Cartejians, 
and  fome  of  our  own  Countrymen  have  fuppos’d,)  it  being  a Truth 
even  to  be  denied,  that  are  any  fuch  Caverns,  or  if  there  are,  that 
there  is  fuch  a fudden  Mutation  of  Elements,  or  that  either  of  them 
fhould  afford  Quantities  of  Water  fufficient  for  the  Supply  of  fuch 
large  Fountains,  which  are  found  in  many  Places,  in  a regular  and 
uniform  Succeffion. 

That  their  Original  is  not  folely,  if  at  all,  from  Rain  or  Va- 
pours, (as  Marriotte  and  others  have  fuppos’d,)  has  been  made  ap- 
pear by  that  curious  Oblerver  of  Meteorology  Mr.  Deerham , whofe 
Obfervations  thereon  are  exa£l,  and  beyond  all  Difpute  ; and  that 
there  are  many  Hills  and  large  campanious  Countries  in  England , 
and  other  Parts  of  the  World,  though  the  fame  Quantity  of  Rain 
and  Vapours  fall  on  them  which  do  on  others,  yet  they  afford  few, 
if  any  Springs  at  all ; a certain  Indication  that  the  Rains  which  fall 
on  thole  voluminous  Tra£ts  of  Earth,  are  chiefly  drank  up  by  the 
Herbage,  or  dry  Soils  of  thofe  Plains,  and  don’t  contribute  (if  at  all) 
to  the  Increafe  of  perennial  Springs. 

Besides  all  which,  and  to  the  Reafons  before  fet  down,  that  nei- 
ther Air  nor  Vapours,  nor  Rain  can  be  the  Caufe  of  Springs,  I add 
what  Experience  every  Day  fhews  us;  and  that  is,  in  the  Digging 
of  deep  W ells  through  thofe  almoft  impenetrable  Rocks  and  Beds 
of  Clay  and  Chalk,  with  which  Well-Diggers  generally  encounter. 
A noble  Lord,  with  whom  I have  the  Honour  to  be  very  well  ac- 
quainted, in  Gloucejlerjhire , has  been  fome  Time  in  digging  one 
of  them ; and  by  all  the  Obfervations  the  Diggers  could  make,  they 
would  be  oblig’d  to  go  above  a hundred  Yards  deep  before  they 
came  to  Water.  Now,  if  Vapours  from  above,  or  Rain,  were  the 
Original  of  thofe  Springs,  they  would,  according  to  the  Hypothefes 
of  its  Authors,  fubfide,  and  break  out  on  the  Tops  or  Sides  of  the 
Hills  thereabouts,  there  being  at  leaf!  three  or  four  thoufand  Acres 
of  Land  which  lie  on  the  fame  Level  that  this  Well  is,  near  a thou- 
fand Acres  whereof  are  Wood,  the  Top  or  Surface  whereof  being  alfb  a 
loofe  rubbelly  Rock,  and  lo  confequently  poffeft  of  all  thofe  Proper- 
ties which  Marriotte  recommends  as  conducive  to  the  forming  of  good 
Springs,  to  the  Maintenance  and  keeping  up  of  which  thofe  impe- 
netrable Rocks,  with  fome  Strata’s  of  Clay,  that  are  generally  inter- 
mix’d with  them,  are  Conducive  alfo  ; I mean  in  the  fuftaining  them 
upwards  towards  the  Surface,  and  obliging  them  to  break  out  there : 
But  more  certain  it  is,  that  thofe  heavy  Rocks,  and  Beds  of  Clay, 
Chalk,  &c.  deprefs  fuch  Springs  in  their  Afcent,  and  is  the  vifible 
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Caufe  why  all  Earths  which  abound  with  Materials  of  fo  clofe  a 
Contexture,  never  afford  much  Water,  if  any  at  all;  and  it  muft  be 
obferv’d  alfo,  that  the  Scarcity  of  Springs  which  is  in  many  Weftern 
Countries,  where  there  are  greater  Plenty  of  Rains  from  the  Atlan - 
tick  Ocean,  than  are  in  others  more  Eafterly  or  Northward,  muft 

be  owing  to  this  Caufe.  . . 

To  this  Account  of  Springs  not  arifing  in  Plenty  in  Countries 
where  much  Rain  falls,  being  drank  up  by  the  Herbage,  Tiees,  fee. 
may  be  added,  that  there  are  other  Places  where  they  abound,  ha- 
ving little  or  no  Rain  at  all,  particularly  in  the  two  Iflands  of  Maio 
and  Rotunda  in  the  Ionian  Sea,  in  the  Thracian  Bofphorus , and 
other  Places,  where,  according  to  the  Account  of  the  very  ingenious 
Sir  James  Toung , of  ‘Plymouth,  as  we  find  it  in  Hook's  Letturas 
Cuilerian . de  Potentia  reJUtutiva , /.  28.  it  did  not  rain  for  a long 
Time,  yet  the  Springs  ran  freely  all  the  while. 

To  this  may  likewife  be  added  what  Dr.  Plot , in  his  Treatife  de 
Orifme  Fontium , obferves,  that  Springs  have  not  their  Original 
from  Rain,  as  many  would  make  the  World  believe;  for  that  the 
nearer  you  go  to  the  Sea,  the  more  brinifh  and  fait,  and  the  farther 
you  go  off,  the  fweeter  Springs  are.  This  is  an  Obfervationto  befound 
not  only  in  Hieron.  Car  dam's  Treatife  de  Subtilitate , (of  which  more 
by  and  by,)  lib . 2.  p-  166.  Edit . Pafl.  Anno  1^82.  but  alfo  by 
Sir  James  Toung  elfewhere  mentioned,  who  was  curious  in  Obfer- 
vations  of  this  kind:  For  which  fee  Hook’s  Leliuras  Cutlerian. 
de  Potentia  reflitutiva,  p.  31..  The  fame  may  be  alfo  difeover’d 
by  any  Gentleman  who  travels  towards  any  of  our  maritime  Poifs, 
fince  the  nearer  you  come  to  them,  the  more  brinifh  and  fait  they 
are  and  fo  brackilh  and  bad,  that  within  a Mile  or  two,  and  fome- 
times  a farther  Diftance,  even  fix  or  fieven  Miles,  the  Water  is  fo 
unfavoury,  as  that  an  Inlander,  who  is  not  us’d  to  them,  can  by  no 
Means  relifh  them  ; and  their  Malt-Liquor  in  particular,  is  fo  effed- 
ed  by  it,  that  it  is  undrinkable  by  any  but  thofe  who  are  continually 
us’d  to  it.  Some  particular  Springs,  indeed,  there  are,  which  are 
fweet ; but  they  are  in  all  Probability  fuch,  whole  Canals  proceed 
from  fome  diftant  Hills,  it  being  often  found  that  good  and  bad 
Springs  are  found  nearly  contiguous  to  one  another.  Rut  this  can’t 
be  drawn  into  Precedent,  nor  Efficiently  maintain _ the  Hypothefis 
of  thofe  who  aver,  that  Springs  derive  their  Origin  from  Rains, 
&c.  And  if  it  be  made  appear,  as  I think  it  is,  that  cold  Waters  are 
not  produc’d  by  Rains,  much  more  will  it  appear  that  hot  Water, 
and  thofe  which  are  fait  and  bitter,  cannot. 

^ Certain 
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Certain  it  is,  upon  the  undoubted  Credit  of  very  worthy  Men 
that  there  are  not  only  Springs  but  Rivers  of  that  Kind,  as  * ’Peter 
Martyr.,  in  a Treatife  of  his,  lets  down,  of  a River  in  the  JVefl  Indies , 
which  is  fo  large,  as  that  a large  Velfel  may  ride  upon  it;  and  in 
the  mean  time,  it  is  fo  hot,  that  you  can’t  touch  it  with  your  Fin- 
ger.  01  the  lame  Kind  alfo  there  is  a Fountain  in  IJlandia , as  the 
aforefaid  Dodfor  has  it,  lo  hot,  that  no  Fire  can  make  it  hotter.  Ano- 
ther alfo  of  them  is  in  the  Illand  Japan,  which,  as  Caronius  wit- 
nelfes,  is  tnree  Times  hotter  than  5tis  pollible  any  fire  can  make  it, 
as  f V urennius  in  his  Geography  lets  down. 

But  it  is  needlefs  to  go  far  for  Examples  of  this  Kind  : Thofe 
whofe  Misfortunes  lead  them  to  the  Hot  Baths  of  England , and 
other  European  Countries,  are  Witnefles  of  the  Truth  of  what  I 
am  here  aflerting,  I mean  as  to  their  Heat,  which  though  not  fo 
large  and  extenlive  as  thofe  before  mentioned,  yet  is  equal  to  what 
a moderate.  Fire  will  do.  Let  then  thole  Advocates  for  the  Produc- 
tion of  Springs  by  Rain,  tell  us,  how  it  comes  to  pafs,  that  one  Spring 
is  fo  hot,  another  fo  bitter,  and  a third  fo  fait,  that  it  is  impoUible 
for. any  Body  to  ufe  them  with  Pleafure.  Can  they  proceed  from 
Rain,  or  any  other  fuperficial  Caufe  ? or  is  there  any  Reafon  to  be- 
lieve they  can  receive,  or  be  endued  with  any  of  thofe  Properties 
by  any  other  Means  than  by  their  $ Afcent,  and  Percolation  through 
thofe  Veins,  of  Earth  that  gives  them  thofe  faline,  fervid,  or  bit- 
ter Properties,  though  they  flow  regularly,  and  in  like  Manner  as 
all  other  perennial  Springs  do  ? Nor  is  Rain  of  any  other  Service, 
but  to  fpoil  them,  as  thofe  that  flay  long  at  the  Bath , and  other 
1 laces  of  that  kind,  can  very  plainly  difcern,  and  which  generally 
puts  a Period  to  thofe  falutary,  and  lometimes  pleafant  Meetings. 

I might  add  a great  many  more  Reafons  why  Springs  can* by 
no  Means  owe  their  Original  to  Vapours,  Rain,  &c.  but  that  I hafte 
to  the  next  Chapter,  which  lhews  from  whence  Springs,  with  more 
Probability  of  Truth,  do  arife;  in  which  the  Arguments  which 
have  been  omitted  in  this,  will  naturally  fall  in. 
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CHAP.  III. 

Of  the  Opinion  of  thofe  who,  with  more  Probability,  attribute 
the  Original  and  Rife  of  perennial  Springs  to  fubterraneous 
Caufes,  &c. 

I Come  now  in  this  Chapter  to  give  the  moft  probable  Account 
I can  of  the  real  Original  and  Rife  of  Springs,  and  Ihall,  with 
Dr.  ‘Plot,  divide  the  yarious  Kinds  of  them  in  the  following  Man- 
ner: 

¥irft,  Springs,  which  are  temporary,  and  do  not  flow  continually, 
which  are  again  divided  into 

Thofe  which  flow  regularly,  yet  are  uncertain,  as  proceeding 
from  Rains ; or  certain,  though  periodical,  as  flowing  at  fome 
certain  Sealbns,  yet  dry  in  others. 

Or  irregular,  which  are  alfo  thofe  that  are  annual,  which  flow 
fomething  every  Year,  though  at  uncertain  Times  of  it;  or 
feptennial  or  decennial,  which  flow  or  are  deficient  fepten- 
nially  or  decennially. 

Secondly,  Springs,  which  are  perennial,  and  flow  without  ceafing, 
which  may  be  again  divided  into 

Thofe  which  are  limpid,  pure,  and  unmix’d,  which  flow  either 
Guttatim,  or  Drop  by  Drop,  or  precipitately. 

Or  thofe  which  are  mix’d,  and  abound  either  with  Salt;  of 
which  fome  are  warm,  as  is  feen  in  Hot  Baths. 

Or  with  Pitch  or  Sulphur,  and  are  cold,  as  in  Salt  Pits,  or  in 
other  medicinal  cold  Waters. 

Of  all  which  I fhall  proceed  to  give  as  fuccind  Account  as  I can. 

The  Original  of  the  firft  of  thefe  is  manifeftly  owing  to  Rain  or  Snow ; 
and  their  Periodical  Flowings  generally  proceed  from  great  Snow  or 
Rains,  which  fall  at  certain  Seafons  of  the  Year  on  fome  large  contigu- 
ous Plains,  or  hilly  and  mountanous  Grounds ; and  to  this  Caufe,  in  a 
great  meafure,  may  be  afcribed  the  fourth  Sort  of  Springs,  or  per- 
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haps  rather  to  the  Experiment  of  the  Tantalus , as  defcribed  by  Dr. 
Tefaguliers,  Thilo fophi  cal  Tran  factions,  N°  • j 84.  which  will  (in  the 
next  Chapter)  be  more  fully  handled.  Thofe  which  flow  and  fall  off 
every  feven  or  ten  Years,  are  indeed  more  difficult  to  account  for 
than  any  : But  what  I moft  chiefly  aim  at,  is,  the  accounting  for  thofe 
that  are  placed  in  the  lafc  Oafs,  and  which  are  perennial,  and  flow 
always  in  a regular  uniform  Manner,  and  produce  thofe  large  Ri- 
vers with  which  the  World  is  fo  well  water’d,  leaving  thofe,  of  which 
hot  and  cold^  Eatus  aie  compos  d to  Phyficians,  and  others  whole 
more  pioper  Jjufinefs  it  is,  to  expatiate  on  that  Subjedl,  having  al- 
ways in  View  that  which  many  learned  Authors  have  long  ago  be- 
liev  d,  that  thofe  Kind  of  Springs  which  are  perennial,  have  their 
undoubted  Origin  from  the  Sea,  and  which  palling  through  the  Veins 
and  Duds  of  the  Earth  in  a due  and  regular  Motion,  are  by  the 
continual  Preflure  of  the  Atmofphere,  and  the  Gravitation  and 
Impulfe  of  the  Moon  thereon,  rais  d up  to  the  Tops  or  Sides  of 
the.  higheft  Hills,  though  exceeding  the  precife  Laws  of  Hydro- 
ftaticks. 

An  Fontes  oriuntur  ex  Mare , has  been  a Theme  which  has  long 
fubfifted  in  Schools,  nor  has  it  been  yet,  I think,  fufficiently  confuted 
carrying,  in  my  humble  Opinion,  the  greateft  Probability  of  Truth 
of  any  Hypothefis  whatfoever,  and  towards  the  Augmentation  of 
which,  .perhaps,  Rains,  Snows,  Mills,  Vapours,  and  other  tumid 
Exhalations,  may  contribute  fomething ; for  were  it  not  fo,  and 
that  there  was  a watery  Foundation  below,  that  does  flop  and 
impede  ail  thofe  Waters  that  fall  from  above,  Water  itfelf  being  of 
fo  ponderous  a Nature,  would  (as  Marriotte  otherwife  obferves  ) 
fink  down  towards  the  Center  (rather  than  break  out  of  the  Sides) 

Hills  , but  when  Waters,  that  come  from  above,  meet  with  thofe 
that  arife  from  below,  the  Interception,  or  Claffiing  of  the  one  with 
the  othei,  is  the  undoubted  Caufe  that  they  break  out  with  that  Vio- 
lence they  do,  on  the  Sides  of  Hills;  and  the  Reafon  why  fome 
Hills  abound  with  Spiings  more  than  others,  feems  to  be  on  account 
of  thofe  Vents  or  Paffages  of.rocky  Stone  and  Gravel,  intermix’d  with 
Sand  or  rubeliyClay,  all  which  give  way  for  the  Springs  that  are  be- 
low to  afeend,  as  they  do  the  Waters  above  to  defeend  for  that  Pur- 
pofe  ; whilft  all  large  campaneous  Countries,  which  have  no  fuch 
Variety  of  Mateiials,  through  which  the  Springs  can  pals  are 
either  by  a thick  lblid  Body  of  Stone,  Chalk,  or  Clay,  fo  chain’d 
down,  that  they. can  t rile  from  below,  which  Bed  alfo  keeps  thofe 
that  are  above  from  defeending  down,  any  other  than  to  fatisfy  the 
Drought  of  the  Earth,  and  the  Herbage  that  grows  thereon ; fo  that 
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(to  fpeak  in  plain  Terms)  what  by  the  one,  or  what  by  the  other, 
there  is  no  Water  to  be  had,  unlefs  you  dig  through  thole  deep  and 
dry  Rocks  to  a very  deep  and  low  Situation,  communicating,  as  may 
be  reafonably  fuppos’d,  with  Rivers,  if  not  the  Sea  ltfelf ; the  Salt 
and  Brackiflinefs  whereof  is  loft  in  its  Percolation,  through  the  Pores 

of  the  Earth.  . „ ,,  r 

This  feems  alfo  to  be  the  Opinion  of  fonre  great  Men,  imce  Lon- 
don, in  his  Treatife  de  Subtilitate , Lib.n.p.  166.  before  mentioned, 
fays,  (to  ufe  his  own  Words,)  Putei  Efoffi  quo  magis  a mart  diftant 
co  minus  funt  Salfi ; and  my  Lord  Bacon fome where  affirms  the 
fame:  and7 that  Cafar,  which  is  confirm'd  alfoby  Hirt.  Panf.  m his 
Comment,  de  Bello  Alexandrine,  cap.  9-  made  Experiments  of  it  when 
he  was  befieg’d  in  Alexandria , and  thereby  lav  d his  Army,  which  was 
in  IDanger  of  perilhing ; and  that  it  was  Sea-Water  he  hke wife  af- 
firms, becaufe  the  Pits  which  he  digg  d,  rofo  and  fell  as  the  Tid 
did,  as  do  the  Waters  in  or  near  the  Sea-Port  Towns  of  many  Places 
of  'England,  as  is  elfewhere  obferved.  , . „ 

Of  this  Kind  alfo  was  a Spring  or  Rivulet  fomewhere  in  Carnar- 
vonfbire,  mentioned  by  Camden-,  another  there  is,  as  Earemiusm 
his' Geography,  Lib.l.  cap.  17.  prop.  17.  witneffes,  which  he  calls 
Mar  Coca  vafeonum , (the  Tranllation  of  which  I cannot  find  in  my 
Dictionary,)  where  the  Tides  of  the  Garonne Jk ow  upon  a Level  to- 
Bourdeaux ; a third  alfo  there  is,  which  Gafendus,m  hisPhyJlcks, 
S-edf  3.  Memb.  pr.  Lib.  i.  cap.  7.  mentions,  in  a little  Ifland  near 
the  Banks  of  the  Timorous , a great  River  of  the  Corns',  but  thelc 
are  nothing  to  compare  with  one  in  the  Province  of  Connaught  in 
Ireland , which,  as  (Dr.  Plot,  p.  ioi.  of  his  Tent  amen,  be.  fets 
down,)  being  on  the  Top  of  a high  Mountain,  exactly  flows  and  re- 
flows with  the  Sea-Tides,  and  yet  is  faid  to  produce  fweet  Water. 
Like  to  this  alfo  is  a Spring  which  they  call  Lanzara , amongft  the 
Mountains  of  the  Cabretti , in  Spanifh  Gallia , which,  as  Varennius  lays, 
Lib.\.  cap.  17.  prop . 17 . prredic.  flows  and  reflows  in  that  Manner, 
tho*  it  is  twenty  Leagues  Diftance  from  the  Sea.  To  which  may  be  ad- 
ded (one  which  is  more  remarkable  than  all  the  reft,)  which  is  the 
Mountain  Erminium  in  Lufitania , or  Portugal , which  rai  es  its 
Head,  (as  Vafconcellus , cap.  5-.  of  his  Defcription  of  that  Kingdom 
has  it,)  like  a Pyramid,  and  especially  in  that  Part,  which  the  Inha- 
bitants, for  Diftinction  fake,  term  Montem  comtam , as  I And  it  in 
Plot  p.103.  In  the  very  Tip-top  of  which  Hill,  (to  ufe  the  Words 
of  Vafconcellus  himfelf,)  “ There  arifes  a Lake,_  which  has  many 
“ Paffages  in  its  Circuit,  that  with  great  Punctuality  and  Obfervance 
u follows  the  reciprocal  Motion  of  the  Tides  in  the  Sea. 
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But  we  need  not  go  fo  far  to  find  out  the  Correfpondence  there 
is  between  the  Sea,  Rivers,  and  fubterraneous  Wells  and  Duels  of 
Water,  there  being  (befides  many  other  Places  which  might  be  na- 
med) feveral  Wells  at  a little  Village  called  Spittle , about  ten  Mile 
beyond  Lincoln , in  the  Road  to  Barton  and  Hull , the  Surfaces  where- 
of rife  and  fink  in  the  fame  Manner  as  the  River  Trent  does,  though 
it  be  near  fifteen  or  twenty  Miles  off ; and  fo  remarkably  true  it  is, 
that  the  late  Lord  Caftleton , who  had  great  Poffeffions  on  the  Banks 
of  the  faid  River,  and  liv’d  feven  or  eight  Miles,  or  more  Diftance 
than  Spittle , never  lent  any  farther  than  that  Place  to  know  the  State  of 
the  River,  and  whether  or  no  his  Cattle  which  were  feeding  at  that 
great  Diftance,  were  in  any  Danger  of  being  drowned  by  the  Over- 
flowings of  it ; from  all  which,  with  the  induftrious  Plot^  (p. 
103.  pradicl)  it  may  be  certainly  pronounc’d,  That  there  is  a 
certain  Commerce  or  Correfpondence  which  pajfes  between  Springs 
and  the  Sea. 

The  ingenious  and  learned  Mr.  Ray , (one  of  the  greateft  Stick- 
lers for  the  Derivation  of  Springs  from  Rain,)  in  his  Treatife  of  the 
Diffolution  of  the  World  by  Fire,  allows  that  there  are  thofe  fubter- 
raneous Palfages,  which  do , and  muft  necejfarily  communicate  with 
the  Sea , (Vid.  p.  69.  of  that  Treatife,)  and  inftances  that  of  the 
Cafpian  and  Mediterranean  Seas,  which  receive  into  themlelves  ma- 
ny and  great  Rivers,  and  yet  have  no  vifible  Outlets,  nay,  that  the 
laft  receives  alfo  abundance  of  Waters  from  the  great  Ocean,  running 
in  at  the  Streights  of  Gibraltar : And  therefore,  by  fubterraneous  Pal- 
fages,  muft  needs  difeharge  theirs  into  the  great  Abyfs  or  Fountain 
of  Waters  under  them;  and  then,  (but  by  which  Way  he  does  not 
tell  us,)  they  break  out  into  the  Ocean  again  ; and  his  main  Objec- 
tion (as  indeed  it  is  the  chief  of  all  thofe  who  are  againft  the  Hy- 
pothefis  I am  endeavouring  to  explain)  is,  how  it  can  poftibly  be, 
fince  Water  is  well  known  to  keep  to  its  Level,  and  cannot  aficend  to  any 
great  Height  above  the  common  Center,  that  is,  than  the  Superficies  of 
the  Sea  is,  much  lefs,  fays  he,  is  it  able  to  force  its  W ay,  remove 
fuch  Obftacles,  and  break  open  fiich  Palfages  as  it  docs. 

To  which  I anfwer,  that  this  ingenious  Author  does  not  feem 
well  acquainted  with  the  fuccellive  Laws  of  Preffure  or  Pulfion,  or 
rather  how  Liquors  afeend  in  capillary  Tubes,  all  which  I fjhall  en- 
deavour to  explain  in  the  next  Chapter.  The  fpccifick  Gravity  of  the 
Earthbeingfo  much  greater  than  that  of  Water,  is,  I humbly  conceive, 
.a  fufficient  Reafon  to  induce  any  one  to  believe,  that  this  Afeent  is 
not  only  probable,  but  abfolutely  reafonable  and  neceflary , nor  does 
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the  Account  which  Sir  Thomas  Willoughby , in  his  Coal- Works, 
pives,  invalidate,  but  rather  makes  for  that  which  I have  been  all 
along  giving  of  Springs,  which  is  as  follows  : “ If  the  Springs, 

“ (fays  this  Noble  Gentleman,)  lie  before  you  come  to  the  Coals, 
cc  they  carry  the  Water  away,  5 i.  e.  (as  I apprehend  he  means,)  if 
there  arc  con  ft  ant  Springs  which  break  through  the  Chaftns  of  the 
Coal  from  below,  they  ft  op  the  Rain- Waters,  aiid  carries  them  all  away : 
But  if  there  be  no  attending  Springs,  it  falls  by  the  Laws  of  Gravity  into 
the  Works  in  greater  or  lei's  Quantities,  according  as  the  Rains  fall.  But 
this  ingenious  Author  is  of  another  Mind  from  me,  and  fays,  that  this  is 
a farther  Proof  to  him,  that  Springs  are  fed  by  Rain-Water.  If  he 
means  Land-Springs  or  Top-Springs,  he  is  certainly  in  the  Right ; but 
if  he  means  thole  which  are  perennial,  and  flow  conftantly,  he  is  as 
certainly  in  the  Wrong,  as  has  been  demonftrated  in  the  foregoing 
Chapter,  in  the  Example  of  the  'Cpminfter  Spring,  the  Account 
whereof  was  taken  by  Mr.  ‘Deerham,  who  has  made  Rain  his  favourite 
Study,  and  alfo  that  of  Chelmsford  in  Ejfex , which  was  lately  taken 
by  my  lelf,  befides  many  others,  which  might  be  produc'd. 

As  to  what  Mr.  Ray  fays  of  the  extraordinary  dry  Summers 
which  happen'd  in  1654,  yy,  ar)d  5 6.  when  our  Climate  was  drier 
than  it  had  ever  been  known  in  any  Story,  and  which  had  dried  up 
molt  of  thofe  Springs  which  had  never  been  (in  the  Memory 
of  the  eldeft  Man  living)  known  to  be  dry  before,  I anfwer,  that  at 
that  Time,  fu re  enough,  alfo  the  Water  was  low,  and  the  Tides 
never  arofe  fo  high  in  the  Sea,  as  they  us’d  to  do,  and  which  is  the 
undoubted  Occafion  why  one  of  the  Chelmsford  Springs  (as  I have 
already  obferv’d)  rarely  breaks  out,  at  leaft,  affords  much  Water  in 
Summer.  Nor  is  it  to  be  doubted,  but  that  the  Account  the  Labo- 
rious Heylin  gives  of  the  great  Drought,  which  was  in  the  Days  of 
Conftantine  the  Great,  which  lafted  thirty  fix  Years,  by  which  all 
the  Springs  and  Torrents,  or  Brooks,  were  dried  up,  fo  that  the 
Inhabitants  were  forc’d  to  forfake  the  Ifland,  and  feek  new  Habita- 
tions, for  Want  of  frelh  Water,  proceeded  from  the  above  men- 
tioned Caufe,  i.  e.  the  Lownefc  of  the  Surface  of  the  Sea;  nor  can 
it  have  a little  W eight,  when  we  confider,  that  though  there  Ihould 
be  fmall  Eruptions  of  Water  out  of  thofe  perennial  Springs,  that 
the  Drynefs  of  the  Ground  is  fuch,  that  they  will  immediately  fup 
it  up ; nor  rnuft  it  be  dilown’d,  that  in  all  large  Rivers,  (fuch  as  our  in- 
genious Author  fays  were  dry  in  165-4.)  there  are  great  Additions  in 
all  Gluts  of  Rain,  by  which  they  are  much  increas’d,  (at  leaft,  as  to 
diftant  Appearance;)  but  this  is  far  from  making  perennial  Springs. 
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But  to  return:  It  ought  not  to  be  omitted,  as  more  fully  con- 
fuming  the  Opinion  aforegoing,  of  the  Communication  of  the  Sea 
with  Land-Waters,  that  there  are  in  Being  in  many  Places,  unplea- 
fan  t Lakes  which  have  no  apparent  Communication  with  the  Sea,  yet 
neverthelefs  abounds  with  Sea  Filh,  particularly  one  in  the  Valley 
of  Cajova , in  the  Province  of  Bayone  in  Spain , called  Hagugabou , 
which  as  ‘Peter  Martyr  relates,  (in  his  Treatife,  De  Anglerit  orbe 
novo , Dec.  III.  cap.  8.)  is  thirty  Miles  in  Length,  and  twelve  in 
Breadth;  and  receives  twenty  four  Rivers  of  frelh  Water  which  fall 
from  the  Hills  into  it,  yet  by  the  Force  of  the  Salt  Water  it  fometimes 
ebbs  and  flows  in  fuch  a Manner,  and  is  fo  brackilh  and  unpleafant,  as  to 
nouriih  what  they  call  there  the  Canes  Carchinas , and  other  Sea- 
Fifhes  ; and  as  it  vomits  out  fome  Waters,  fo  it  fups  up  others,  and 
that  with  lb  great  a Violence,  that  even  the  Fifhermen  and  their 
Boats  are  fometimes  fwallowed  up  in  it.  And  he  adds,  that  there  is 
another  in  the  fome  Province  in  every  Refped  like  the  former,  but  that 
it  is  lefs. 

Var ennuis , {Lib.  i.  cap.  1 5 prop.  7.)  in  like  Manner  reports,  that  he 
found  two  large  Lakes  in  the  Iiland  of  Cuba  in  America , which  was 
fait,  and  produced  Sea-Filh,  although  it  received  at  the  fame  Time 
feveral  frelh  Water  Rivers  into  it  felf.  Another  of  the  fame  Kind, 
adds  Varennius , is  in  Peru,  another  in  Menuthia ; and  that  the 
Lake  Afphaltites  in  Judea , though  it  draws  the  pure  Streams  of  Jor- 
dan, yet  its  Nature  is  fo  changed  by  the  fuppofed  Correfpondence  it 
has  with  the  Sea,  and  is  lb  heavy,  that  nothing  will  fink  it,  and  is  by 
fome,  for  that  Reafon,  called  the  Dead  Sea. 

To  all  which  may  be  added  that  which  is  called  the  Cajpian  Sea 
before  mentioned,  though  it  correfpond  with  other  Rivers  of  ncf  com- 
mon Magnitude,  and  receives  all  the  Water  of  the  Volga  into  it  felf, 
which  produces  fuch  Quantities  every  Year,  as  would  fuffice  for 
the  Supply  of  the  whole  World,  (if  I may  ufe  Dodor  Tlott’s  Words,) 
yet  it  abounds  always  with  fait  Water,  and  produces  Sea-Filh  ; nor 
does  it  ebb  and  flow  lefs  than  the  Mediterranean  Sea  it  felf.  Thefe 
and  many  more  Examples  which  might  be  produced,  are  fufficient  for 
our  Enquiry,  how  it  comes  that  thofe  Lakes  contrad  that  Unplea- 
fantnefs  ; and  by  what  Method  it  can  be  that  Sea  Filh  are  carried 
thereinto  ; and  how,  laftly,  it  is  that  thofe  immenfe  Quantities  of  Wa- 
ter, fuch  as  are  in  the  Cajpian  and  Mediterranean  Sea,  which  never 
tranfgrefs  their  Bounds,  Ihould  be  fait  or  brackilh,  unlefs  it  be  granted 
that  there  are  Palfages,  by  which  thofe  Lakes  hold  Commerce  or  Cor- 
vefpondence  with  the  Sea,  and  the  Sea  with  them. 
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To  omit  much  more  which  the  induftrious  and  learned  Tlott  has 
•produced  to  prove  the  fubterraneous  Correfpondence  there  is  between 
the  Sea  and  Springs  and  Lakes,  it  remains  next  for  us  to  give  a 
fhort  Account  of  l'ome  Springs  Heads  which  are  on  high  Hills,  very  • 
far  diftant  from  the  Sea,  and  to  enquire  by  what  Means  Water  riles 
to  the  Top  thereof.  Facts  which  have  met  with  great  Oppofition  from 
thofe  who  have  declared  in  Favour  of  Rains,  Snows,  and  other  Hypo- 
thefes,  and  Doubts  in  many  learned  Men,  whofe  Enquiry  into  this  Part 
of  Nature  have  been  conliderable,  the  Elevation  ot  Springs  to  Inch 
great  Height,  much  exceeding  the  precife  Laws  of  Hydroftaticks, 
t$c.  All  which  I ihall  treat  of  in  their  particular  Order. 

The  firft  is,  that  it  is  certain  there  are  many  very  high  Hills,  ve- 
ry diftant  from  the  Sea,  which  have  no  fuperior  Tracft  of  Land  to 
fupplythem  with,  but  muftnecelfarily  rife  through  its  Mole  or  Body: 
Such  is  the  Head  of  the  KvrzxMarJya,  which  Quintus  Cur  tins  teftifies, 

( Hiftoriarum  Lib.  III.  in  initio ,)  rifesfrom  the  Tip-top  of  a very  high 
Mountain.  Another  there  is,  as  Cardan  relates,  which  falls  from  the 
Summit  of  prodigious  high  Rocks  in  the  Ifland  of  Maia,  upon  the 
Borders  of  Fife  in  Scotland , though  the  fame  is  not  above  two  Miles 
in  Circumference : As  alfo  another  in  the  Ifland  of  Bonnica , not  far 
from  Hifpaniola ; for  which  fee  Cardan  de  Subtilitate , Lib.  II.  page 
92.  and  De  rerum  varietate , Lib.  I.  cap.  6.  in  initio.  And  Sir 
Robert  Sibbald , who  wrote  an  Acconnt  of  Scotland , in  his  Tro- 
drom.  Tars  prima , Lib.  I.  cap.  9.  tells  us,  that  there  was  alfo  a 
perpetual  Fountain  on  the  very  high  Top  of  the  Mountain  Lomini- 
ns , in  the  Ifland  of  Hoia  of  the  Orcades , on  which  there  were 
three  other  Hills,  obferved  for  their  Height,  are  admired  by  all  Na- 
vigators at  Sea,  though  far  diftant  from  it,  and  which  appear  like  fo 
many  Piers  or  Landmarks : That  there  is  in  the  Tops  of  one  of  the 
three,  that  rifes  out  of  the  very  Eleart  or  Foundation  of  it,  a very 
ftrong  Spring.  And  the  fame  I have  been  told  is  to  be  found  on  a 
Hill  called  Tennichy , or  Bend-up -high,  next  Aberdeen  in  that  Country, 
which  runs  continually,  though  there  is  no  contiguous  fupereminent 
Plain  that  lies  above  it,  or  indeed  near  equal  to  it.  The  like  I have  alfo 
feen  my  felf  on  the  Top  of  a high  Hill  near  Marlborough  in  Wilt  fire, 
called  Martin  fall , or  Martincell  Hill ; where,  though  the  Ducts  and 
Veins  of  the  Earth  are  not  large  enough  to  emit  a conftant  Stream, 
but  to  break  out  Guttatim,  or  Drop  by  Drop,  as  lome  perennial 
Fountains  do,  yet  it  has  not  been  known  to  be  dry  in  the  Memory 
of  any  Body  now  living:  And  by  its  Clearnefs  it  is  very  likely  to 
have  its  Origin  through  fome  fmall  Veins  which  rife  through  the 
Hill,  though  its  great  Height  and  Diftance  from  the  Sea  is  alfo  fuch. 
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that  it  canft  fend  forth  any  large  Quantities  by  any  of  the  Laws  of 
Hydroftaticks,  or  other  Means. 

T o this  Account  of  the  Procedure  of  Springs  out  of  high  Hills, 
(which  have  none  that  are  fupereminent  to  them,)  may  be  added  the 
Account  that  an  ingenious  Surgeon,  who  ufed  the  Weft  Indies,  gave 
Mr.  James  Toung  of  ‘Plymouth , as  may  be  leen  in  Hook  de  Po- 
tential ReJUtutiva , printed  by  John  Martyn , Printer  to  the  Royal 
Society,  167$.  who  allured  him  that  there  was  a Spring  which  fent 
forth  large  Streams  of  Water,  at  which  Ships  were  frequently  furnilhed ; 
and  that  there,  as  well  as  in  the  Ifland  of  Mayo,  it  rained  but  once  a 
Year ; that  the  Ifland  from  its  Figure  was  called  the  Rotunda , and 
having  no  Ground  which  lay  above  it,  could  not  by  any  Means 
produce  a Quantity  of  Rain- Water  fuflicient  to  maintain  that  great 
Flux  which  was  there  fo  viflble,  even  though  it  was  to  rain  without 
ceafing.  That  in  the  Ifland  of  Mayo , of  which  Mention  was  made 
in  the  laft,  and  which  the  aforefaid  Mr.  James  Toung  alfo  mentions, 
the  Springs  (as  may  be  feen  in  the  Draught  he  has  given)  are  feen 
breaking  out  of  a round  Hill,  at  the  upper  End  of  that  Ifland, 
higher  than  which  there  is  no  Ground,  neither  had  it  rained  there  for 
a confiderable  Time,  though  the  Spring  ran  conftantly  and  without 
Interruption  quite  through  the  Middle  thereof.  The  fame  alfo  may 
be  obierved  in  the  Infula  Vetlis,  or  Ifle  of  Wight , at  a Place  called 
Apple  dor  e Comb,  the  Seat  of  Sir  Robert  Worjley , where,  though  there 
is  Land  much  above  it,  yet  the  Rains  run  off  it  with  that  Precipitation, 
that  they  never  fcarce  enter  the  Herbadge,  at  leaf!,  fo  as  to  fink  down, 
and  make  Springs. 

To  proceed  with  the  learned  Plott,  it  is  worthy  Remark  what  the 
moll  honoured  Mr.  Boyle  obferved  on  the  maritime  Coafts  of  Water- 
ford  'm  Ireland : Hefawa  Mountain,  from  the  fuperior  Clift  of  which 
ran  a River  of  a moderate  Amplitude,  which  had  broke  out  there  but 
juft  two  or  three  Years  before  (without  any  manifeft  Caufe)  from  a 
Morafs  which  was  at  the  higheft  Verticity  of  it;  and  from  thence 
runs  a great  Ways,  and  affords  a daily  conftant  Stream  to  its  Inhabi- 
tants ; which  if  it  had  had  its  Original  from  Rains  or  Snows,  he  fup- 
pofed  would  have  fhewed  it  felf  many  Ages  before : But  from  lb 
Hidden  an  Eruption  it  was  moft  reafonable  to  believe,  that  it  had  but  juft 
then  found  (I  may  add  forced)  its  Way  through  the  Chafms  of  the- 
Ground  beneath,  and  being  (if  I may  fo  exprefs  it)  glad  of  its  Li- 
berty, flowed  on  an  uniform  uninterrupted  Succefllon.  Moreover, 
Scaliger , (in  his  Treatife  T)e  Subtilitate , Lib.  XV.  Exercit.  46.) 
teftifies,  that  there  was  near  his  Villa  a large  Spring,  which  came  from 
the  extream  Top  of  a Mountain,  though  the  Ground  in  no  Part  of 
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the  Neighbourhood  afforded  the  fame.  He  adds  alfo,  that  there  was 
a boiling  Lake,  which  abounded  with  hot  Springs,  in  a Plain  over 
againft  the  Top  of  the  Mountain  Cinis,  in  the  Alps,  to  which  fpactous 
Plain  there  was  no  higher  Ground  which  could  adminifter  Water  to 
it,  and  fo  could  not  proceed  from  Rain. 

A Second  Thing  I have  to  fpeak  to  in  theCourfe  of  this  Chapter, 
is  to  anfwer  an  Argument  which  the  Diffenteis  to  the  Hypothefis  (I  am 
now  endeavouring  to  explain)  produce,  who  would  neceffarily  have  theO- 
riginal  of  Springs  owing  to  Rain  5 becaufe,  fay  they,  (though  by  Way  of 
Affertion  without  real  Proof,)  in  all  large  Plains  there  are  none 
any  where  found  but  what  proceed  from  contiguous  Hills.  1 his  has, 
in  Tome  Meafure,  been  anfwered  already,  but  will  be  more  fully  fo 
in  the  Thread  of  this  Account  of  Springs,  wherein  this  Aflertion  will 
be  proved  to  have  no  Foundation  of  Truth  in  it;  fiince  the  ingenious 
Boetius,  in  his  Natural  Hiftory  of  Ireland,  cap.  7.  fee.  1.  allures 
us  that  there  were  many  Places  in  that  Kingdom  fiom  which  large 
Springs  and  Rivers  had  their  Rife,  when  at  the  fame  Time  they  were 
rarely5  to  be  found  in  Hills  contiguous,  or  far  off  from  them  in  that 

Part  of  the  Country.  n 

The  fame  Thing  is  alfo  obfervable  in  the  Rife  of  the  Rivers  Rea 

and  Ids  which  break  out  near  the  Town  of  Fritwell  in  the  County 
of  Oxoh,  which  draw  their  Original  from  fo  humble  a Plain  that 
there  is  fcarce  any  Declivity  fufficient  for  their  Current,  much  lefs 
Supply.  And  this  likewife  is  the  Opinion  of  that  cunous Obierver  ol 
Meteorology,  the  Reverend  Mr.  Deerham, , in  his  Thyfco  Theology, 

pace  50.  before  recited.  . 

But  we  need  not  rely  altogether  on  the  Obfervations  made  at 
home  where  Springs  arile  in  large  Plains  which  have  no  Hills  con- 
tiguous  to  them:  The  River  If  ramus  in  Cappadocia , which  although 
Strabo  calls  it  mtU,  i.  e.  a navigable  River,  yet  he  relates  that  it 
breaks  out  of  a Middle  of  a plain  Field,  as  may  be  feen  in  his  Geo- 
graphy, Lib.  XII.  page  736.  of  the  Tans  Edition,  Anno  i6zo. 
Betides  the  large  River  Tanais  proceeds  from  a large  open  field  in 
Mujcovy,  as  Agricola,  in  his  Treatife,  T)e  Natura  eorum  qua  ef- 
fluunt  ex  Terra,  Lib.  III.  in  initio,  describes. 

7 To  this  may  be  joined  what  Cluvenus,  cap.  6.  of  ins  Vindehcia 
ftj  Nine,  writes  of  the  Danube,  the  greateft  River  of  Europe, 
whofe  Head,  (fays  our  Author,)  though  it  flows  perennially,  and  is 
twenty  fix  Foot  long,  and  eighteen  Foot  wide,  yet  it  riles  in  an  open 
plain  Field  in  the  Village  of  Efchinger,  or  Donafchmg,  or  as,  Jornan- 

des  will  have  it,  in  the  Fields  of  Alemamcis , and  not  as  Herodo- 
tus, 
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tus , Tacitus , Blinius,  and  Marcellinus , have  delivered  it  down,  from 
the  Foot  of  a Hill,  or  large  Mountain. 

T o all  this  may  be  added,  what  I have  read  in  an  Account  of 
Switzerland , wrote  forne  few  Years  ago,  as  'tis  laid,  either  by  Mr. 
Manning  or  Mr.  St  any  an , Ambalfadors  from  the  Crown  of  Great 
Britain  to  thofe  States,  that  there  was  in  that  Country  a Trad  of 
Land,  whether  Hills,  or  no,  I don’t  remember,  which  fends  forth 
four  Rivers,  which  take  their  Courfe  four  feveral  Ways,  not  unlike 
the  Produdion  of  thofe  four  famous  Rivers  of  Bifon , Gihon,  Hid- 
dekel, and  Euphrates j faid  in  Holy  Writ,  to  have  ilfued  out 
of  Baradice  itleif ; a plain  Inftance  that  neither  Rain  or  Vapours 
can  be  the  Caufe  ol  thole  perennial  and  uninterrupted  Springs  with 
which  the  greatcft  Part  of  the  World  is  water'd,  but  that  "they  come 
from  a much  more  deep  and  latent  Caufe. 

There  is  a third  Cafe,  which  ought  to  be  fpoke  to  more  largely 
than  I have  as  yet  done;  and  that  is,  That  Water  palling  with  more 
Difficulty  through  the  dole  clayey  Veins  of  the  Earth,  few  Foun- 
tains are  ever  obferv’d  there  ; when  at  the  fame  Time  they  are  never 
wanting  in  arenacious  and  ftony  Ground,  through  which  the  Water 
ealily  percolates ; but  that  this  does  not  make  for  the  Suppofition  of 
Rain  and.  Vapours  being  the  Origin  of  Springs,  but  rather  much  a- 
gainlt  it,  is  already  fet  down:  And  to  confirm  what  has  been  offer’d 
on  this  Head,  the  ingenious  Sir  James  Tcung,  before  mentioned,  as 
we  have  it  in  Hooke's  Ledures,  T)e  Botentia  refiitut.  p.  39.  and  as  is 
alio  before  hinted  at  in  the  Weft  Country,  there  is,  as  Dr.  Blott  ob- 
ferves,  a large  Trad  of  Land  in  the  County  of  Kent , which  is  about 
feventeen  Miles  in  Length,  and  five  in  Width,  in  which  there  is  not 
one  Spring  to  be  found ; and  the  fame  may  be  faid,  I dare  fay  in 
Thoufands  of  other  Places. 

The  laft  Thing  to  be  examin’d  in  this  Narrative  of  Springs,  is  a De- 
ficiency, that  upon  Deliberation  appears  to  be  in  the  Produce  of  Rain 
as  related  by  an  Anonymous  French  Author,  who  is  the  fame  which  in 
all  Appearance,  is  hinted  at  by  Harriot  te,  but  more  plainly  by  Dr.  Blott 
in  p.  69,  &c.  of'  his  Treatife  of  Springs , where,  according  to’ 
that  Author’s  Calculation,  at  nineteen  Inches  deep,  which  is  four  In- 
ches more  than  Marriotte  fuppofes,  there  does  not  (at  IVillowbridve , 
where  this  Obfervation  was  made)  fall  Rain  fufficient  for  the  Supply 
of  the  Springs  in  that  Space,  by  481x85-4  Hogfheads  in  a Year;  to 
which,  fays  the  learned.  Dodor,  may  be  added,  that  a vaft  Quantity 
of  that  Water  which  arifes  from  Rain,  Snows,  &c.  running,  or  to  run 
out  of  Rivers  into  the  Sea,  are  taken  up  in  theNouriffiment  of  Plants, 
and  for  the  filling  of  the  Pores  of  the  Earth ; which  immenfe  Quan- 
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titythe  learned  Lifter  and  Willis  have  demonftrated,  (as  is  feen  in 
the  Natural  Hiftory  of  Oxfordftire,  Cc ip.  ix.  Sett.  95.  and  in 
Mr.  Lifter's  Treadle,  cDe  Aquis  Med.  Angl.  Exercit.  Cap.  xi) 
that  the  major  Part,  if  not  all  the  Rain  and  Snows  which  fall,  are 
again  exhal’d  up  in  Vapours,  for  the  Creation  of  more  Materials  of 
that  Kind,  maintaining  the  fame  Circulation,  or  Afcent  and  Defcent, 
in  the  open  Air,  as  is  beneath  in  the  Bowels  of  the  Earth.  Belides, 
how  comes  it  to  pals  that  Springs  Ihould  maintain  their  conftant  Cur- 
rent in  fcorching  Defarts,  where  they  have  feldom  any  Rains,  (as 
in  thofe  of  Arabia , Sic.)  and  in  dry  or  cold  Earths,  or  Fens ; as  al- 
fo  Woods  and  Groves,  which  when  clear’d  away,  takes  oft  that  ftag- 
nate  Air  which  is  the  Occafion  of  that  Moifturc  and  Dampnefs,  with 
which  thofe  Countries  were  once  rendered  obnoxious,  and  which  con- 
lequently  (according  to  thofe  Hypothefes  whichmaintain  Rains)  fhould 
decreafe  their  Springs,  yet  they  Hill  maintain  their  Current,  and  change 
the  very  Temperature  of  the  Element ; and  that  which  was  before  cold 
and  rnoift,  is  thereby  forthwith  made  hotter,  and  more  moderate,  and 
fo  not  capable  of  that  Fund  of  Humid  Air,  Vapour,  Rain,  and  which, 
according  to  them,  is  the  Caufe  of  Springs.  So  it  is,  that  Tliny,  in 
his  Natural  Hiftory,  Lib.  xvii.  Cap.  4.  notes  of  the  Ground  adjoin- 
ing to  the  City  of  Tbilippis , which  being  clear’d  away,  and  turn’d 
into  Tillage,  it  grew  dry,  and  chang’d  the  Genius  of  the  ambient 
Air,  (0c.  fo  that  it  might  (from  the  Limpidity  of  its  Streams, 
which  flow’d  continually,  and  without  Interruption)  be  taken  for 
the  Habitation  or  Ambit  of  Heaven  itfelf. 

The  fame  alfo  has  happened  in  the  Colonies  belonging  to  the  Bri- 
tiftj  Crown  in  Barbadoes  and  Jamaica , where  the  Woods  being 
clear’d,  and  the  Country  expos’d  to  the  Sun,  there  has  lallen  a lei's 
Quantity  of  Rain  than  was  us’d  to  do,  as  may  be  feen  in  Bhilofophi - 
cal  Tran  factions.  Numb.  XXVII.  p.  49,  _ How  much  of  that  Kind 
has  happened  in  the  Bogs  of  Ireland,  and  in  the  Fens  of  Lincoln,  and 
Cambridge  ft  ire,  need  not  be  expatiated  on;  and  thus  from  the  Confi- 
deration  that  Springs  havefubflfted  for  feveral  Years,  where  there  has 
been  a Decreafe  of  Rain,  and  has  not  increas’d  where  there  has  hap- 
pened a great  deal ; that  there  are  many  Springs  in  the  World,  which 
rife  and  fall  as  the  Sea  does ; that  there  are  many  Lakes  on  Inland 
Grounds,  which  have  no  vifible  Communication  with  the  Sea,  yet 
produce  Salt-Water  ; to  which  may  be  added,  what  I have  omitted 
hitherto,  that  there  are  abundance  of  Shells,  (0c.  which  are  found 
by  digging  in  the  Bowels  of  the  Earth,  which  belong  to  the  Sea : 
Thefe  Reafons,  I fay,  confirm’d  by  Examples,  ought  abundantly  to 

fatisfy 
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fatisfy  the  curious  Reader,  that  there  are  fuch  Hollows  and  fubterra- 
neous  Ducts  in  the  Bowels  of  the  Earth,  through  which  Springs  draw 
their  Original  out  ol  the  Sea;  and  that  they  are  not  owing  to  any  other 
Caufe. 

The  chief  Thing  which  teems  now  to  remain,  is  to  give  a more 
particular  Account  of  the  Methods  by  which  Water  is  rais’d  to  the 
Tops  of  Hills. 

‘Pliny  fuppofes  it  to  be  thrown  up  by  the  Xmpulfe  of  the  Air 
which  is  included  in  the  Caverns  of  thole  Rocks  and  Mountains  as 
it  were,  through  a Syphon.  5 

Plutarch  tells  us,  that  from  hence  it  is  that  Water  iffues  out  of 
new-broke  Ground  which  is  moift,  juft  as  the  Blood  does  out  of  a 
Wound,  or  the  Milk  from  the  Paps  of  a Nurfe;  which,  fays  an  inge- 
nious Author,  is  worthy  of  our  Contemplation;  and  by  this  Means 
it  is,  that  the  Blood  in  all  Scarifications  is  carried  up,  or  rather  ex- 
trafted  from  the  inner  Mals,  viz.  according  to  the  Taws  of 
Attraction,  or  rather  Pulfion,  to  which  all  Caufes,  both  phyfical  and 
mechanical,  are  now  reduc’d. 

Rohault , in  his  Phyficks,  {Par.  iii.  cap.  io)  fuppofes,  with  others 
that  Water  has  its  Origin  from  the  Sea  ; and  that  it  is  rais’d  to  the 
Tops  of  Mountains  by  the  latent  Heat  of  fubterraneous  Fires,  which 
(whether  central  or  delpers  d)  dilfolves  that  Water  into  Vapour-  and 
by  this  means  it  is  (fays  he)  that  Water,  which  is  in  Places  at  a 
gieat  Diftance  from  the  Sea,  is  drove  by  its  own  proper  Weight  and 
natural  Fluidity,  and  fo  lifted  up  to  the  higheft  Hills  • for  when 
thole  Vapours  can’t  move  Sideways,  and  extend  themfel  ves  which  Wav 
they  pleafe,  becaufe  of  others  which  are  every  where  afcendin°-  and 
endeavouring  to  expand  themfelves  at  the  fame  Time  it  is&(Tays 
he)  neceffary  that  they  ihould  be  carried  upwards  to  the  Tops  of 
Mountains,  and  moft  certainly  to  turn  into  Air  and  Vapour  bein«- 
future  Materials  for  Rain,  Snow,  and  Hail.  ’ 45 

This  being  granted,  itiseafily  underltood,  fays  he,  that  thofe  Vapours 
being  brought  to  the  fuperior  Part  of  the  Ground,  and  detain’d  amongft 
the  cold  Particles  which  inhabit  there,  lofe  great  Part  of  their  Motion 
and  fo  canftafcend  any  farther,  but  are  then  turn’d  into  fmall  Drops  of 
Water,  which  by  their  Gravity  flow  out  again ; and  by  the  Acceffion 
ol  other  imali  Drops,  added  to  thole  other  which  were  before  form’d 
lncrealh  into  a fmall  Vein  of  Water,  and  flowing  from  thence,  run 
into  other  Veins  like  it  felf,  and,  atlaft,  into  one  large  Vein  or  Arte- 
ry  ol  Water,  breaking  from  thence,  through  fome  Palfage  or 

and  then  becomes  a Spring 

or 


other 


, out  of  the  Hill  or  Mountain, 
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or  Fountain  of  Water,  which  fupplies  all  Refervoirs,  Bafins,  Pits? 
Ponds,  &c.  that  lie  in  its  Way. 

This,  indeed,  feems  to  he  a fine  Way  of  adjufting  this  great 
Affair  ; but,  in  anlwer  to  it,  it  muft  be  faid  that  the  Exiftence  of 
fubterraneous  Fires,  if  any  fuch  there  are,  ferve  for  other  Purpofes 
than  what  this  learned  Author  fuppofes  they  do,  it  being  doubtful, 
if  not  mathematically  and  morally  impoflible,  as  Marriotte  has  in 
general  obferyed,  that  Air  or  Vapour,  whether  lodged  in  the  Ca- 
verns of  the  Earth,  or  detatched  from  Fountains  below,  fhould  ad- 
minifter  a Supply  of  Water  equal  to  what  the  leaft  of  the  Rivers, 
we  have  before  ipoken  of,  can  emit.  Befides,  it  is  not  eafy  to  give 
an  Account  how  ■ iquors.  fo  diftill’d,  and  in  luch  a State  of  Rare- 
faction, fhould  afcend  through  fuch  Bodies  (lhppofe  them  to  be  of 
Rock,  Gravel,  or  Sand)  as  Springs  proceed  from. 

As  d'fficuk  (if  not  much  more)  is  it  to  account  how  two  fuch 
fudden  Tranfinutations  of  Elements  fhould  immediately,  and  in  fb 
regular  a Courfe,  lucceed  each  other,  and  be  effeded  fo  perfectly,  and 
jj-j  £q  little  a Time  } and  how  capacious  and  extenfve  thofe  Recep- 
tacles muft  be,  wherein  that  great  Work  is  performed,  may  be  gueft  at 

by  what  follows.  r 

The  learned  and  moft  accurate  Robert  Boyle , fomewhere  fays. 
That  an  Inch  of  Water  rarified  into  Vapour  (as  it  muft  be  in  Cafe 
of  fubterraneous  Fires)  is  divided  into  13300  Millions  j and  that 
one  Drop  of  Water  only  is  divifible  into  twenty-fix  Millions  of  Parts. 
This  Ratification,  and  confidently  Expanfion,  muft,  I fay,  take  up 
fo  much  Room  for  fuch  a Change,  that  one  fhould  be  very  hard 
put  to  it  to  find  where  it  is  fituated  ; and  how  jfo  great  a Work 
fhould  be  fo  juftly  erfe&ed  as  to  keep  the  Streams  of  a Ri- 
ver,’ or  even  a finall  Spring,  in  a conftant  Current  and  Sup- 

j'F  there  arc  any  Things  then  as  fubterraneous  Fires,  (which 
by  the  Steam  that  arifes  in  Cellars,  and  from  hot  Baths  that 
reek  fo  there  is  fome  Indication  there  is,)  the  Ufe  of  them  feems 
to  be  more  probably  this,  viz.  That  it  may  ratify  the  Air  in  thofe 
Paflao-es  the  better,  and  caufe  the  Water  by  the  Impulfie  of  exterior 
Air  °and  other  Fluids,  to  afcend  the  freer,  as  Heat  does  in  the 
Pipes  of  a Fire  Engine,  where  it  is  feen  to  mount  to  the  greateft 
Heieht  • but  Water  rarified  into  Vapour,  would  rather  adhere  and 
ftick  clofe  to  thofe  Particles  of  Stone  and  earthy  Matter  through 
which  they  are  to  pafs,  than  ever  to  afcend  through  them,  which,  in 
my  humble  Opinion,  is  a Confideration  of  no  final!  Moment. 


The 


of  Hydroftaticks  and  Hydraulicks.  45 

The  next  Thing  to  be  taken  inCourfe,  is  to  give  the  beft  Account 
I can,  how  it  is  that  Water  may  be  raifed  to  fo  great  a Height. 

And,  1 ft,  That  Water  may  be  made  to  afeend  above  its  proper  Level 
by  its  own  Inclination ; 2dly,  according  to  Plott , by  the  Help  of  Fire  ; 
3dly,  by  Filtration ; 4thly,  by  Attraction  ; and,  fthly,  by  the  un- 
equal Altitude  of  the  Sea,  which  is  proved  by  many  Examples  ; 
6thly,  by  the  Help  of  the  Diftance  of  the  Center  of  Gravity  from 
the  Center  of  Magnitude  ; and,  laftly,  by  the  additional  Weight  of 
the  Atmofphere,  Gravitation  of  the  Moon  in  all  high  Tides,  by  the 
Help  of  Storms,  Tempefts, 

Firft  of  all,  Tho^  it  be  true  that  Water,  according  to  the  pre- 
cife  Laws  of  Hydroftaticks,  will  not  rife  higher  than  its  Level, 
(if  fo  high,)  yet  the  Movement  of  afeending  and  defeending  Wa- 
ter in  a Mountain  is  of  another  kind,  as  is  feen  in  fait  Sea- Water, 
which  is  more  ponderous ; and  thapof  the  Fountain,  which  is  fweet  and 
clear,  and  confequently  lighter  : Moreover,  when  the  ftrft  prefles  down- 
wards, and  the  later  afeends  in  round  Tubes,  which  ftill  decreafe 
till  they  are  fo  diminiftf  d,  as  to  turn  into  the  fineft  Streams  imagi- 
nable, fuch  as  Air,  &c.  and  as  Salt-Water  is  alfo  always  prefled  by 
the  immenfe  Weight  of  Air;  which  fpreading  itfelf  wide  on  its  Super- 
ficies, I can't  fee,  (fays  my  Induftrious  Author,)  when  all  thefe 
Things  arc  duly  weighed,  why  it  lhould  not  be  belieyed,  that  the 
fame  Water  fhould  not  be  made  to  afeend  higher  than  its  firft  Level, 
even  fo  long  till  it  iffues  forth  out  of  the  Sides  of  Hills,  in  like 
Manner  as  Quickfilver  is  raifed  by  the  Air's  Preflure  on  that  fub- 
jefted  ftagnated  Mafs,  efpecially  when  it  is  notdeprefs’d  by  any  fuper- 
incumbent  Fluid,  as  is  the  Cafe  in  the  open  Air. 

But,  which  is  more  to  the  Purpofe : Another  Realon  why  Frelh-Wa- 
ter,  when  ftripp’d  of  its  heterogeneous  Parts,  and  made  fine  and  fupple, 
fhould  afeend  with  Eafe  through  the  capill  ary  Tubes  or  Fiflures  of  the 
Earth  by  the  collateral  Preflure  of  complicated  exterior  Powers,  which 
are  always  agitating  and  gravitating  thereon,  is  its  Fluidity  ; to  which 
may  be  added,  (what  is  juft  now  hinted  at,)  that  continual  innate  Heat, 
which,  according  to  Carteflus , in  his Princip.  Philofoph.  Par.  4.  Sec.  64. 
and  the  Reverend  Dr.  Shilling  fleet  ^ then  Dean  of  St.  Paul’s , in  his 
Origin . Sacer.  Lib.  iii.  Cap.  4.  is  always  labouring  in  the  Bowels  of 
the  Earth;  a Procefs  not  difagreeable  to  what  the  ingenious  Mr .Ha'wkf- 
bee,  (in  his  P by fleo- Mechanical  Experiments ,p.  144.  Exper.  5 .&c.) 
deferibes,  when  he  gives  an  Account  of  the  Afcent  of  Waters  through  a 
Tube  filled  with  Afhes,  (in  the  open  Air,  and  in  Vacuo,)  there  being 
naturally  an  innate  Heat,  which  caufes  that  Siccity,  Drought., 
or  Thirft,  as  is  vifible  in  Lime,  and  other  calcined  Bodies,  which 
abforbs  all  Moifture  to  itfelf,  and  which,  as  this  ingenious  Gentle- 
man 
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man  has  very  clearly  demonftrated,  is  the  Caufe  by  which  Water 
will  rife  through  itslnfterftices,  even  beyond,  and,  I may  fay,  in  outward 
Appearance,  without  that  adventitious  Afliftance  which  is  deduced 
from  the  percife  Laws  of  Hydroftacy,  or  the  Equipondium  or 
Balance  of  exterior  Fluids,  collaturally  gravitating  _ thereupon. 

He  took  a Glafs  Tube  thirty-two  Inches  long,  tied  a fine  Piece 
of  Cloth  to  the  End,  and  filled  it  with  Afhes  fifted  very  fine,  and 
as  he  put  them  into  the  Tube,  ramnfid  them  down  as  clofe  as  pol- 
fible.  When  the  Tube  was  filled,  a thin  Bladder  (which  was 
freed  from  all  included  Air)  was  tied  to  the  other  End  of  the  Tube, 
to  receive  the  Air  which  fltould  afcend  through  the  Afhes  as  the  W a- 
ter  rofe  : This  done,  the  Tube  was  immerg'd  into  Water,  and  it 
was  found  that  in  the  Space-offixteen  Minutes,  it  had  rofe  i Inch  ^ ; at 
the  End  of  twenty-four  Hours,  (for  the  higher  it  went,  the  flower 
it  rofe,)  it  had  rifen  only  fixteen  Inches,  the  Bladder  at  the  Top 
being  then  near  half  filled  with  Air.  An  Accident  then  happened 
which  did  prevent  any  more  Obfervations  on  the  extending  the  Blad- 
der ; but  the  Water  ftill  rofe  higher,  though  flower  than  at  firft  ; and 
in  twenty-four  Hours  more,  it  rofe  fix  Inches  ; again  in  twenty-four 
Hours,  it  rofe  four  Inches  and  an  half  more ; the  fucceeding  twen- 
ty-four Hours,  two  Inches  higher  ftill;  and  being  arrived  within 
half  an  Inch  of  the  Top  of  the  Tube,  that  Space  was  filled  in  a - 
bout  ten  Hours  more. 

Many  are  the  curious  Obfervations  that  this  ingenious  Gentleman 
has  made  on  this  Experiment ; but  whatever  was  the  Caufe  of  the 
Afcent  of  that  Water,  it  a&ed  uniformly,  fince  the  Water  in  all 
its  Parts  was  equally  influenced  by  it ; and  had  the  Tube  of  Afhes 
been  higher,  theWater  would  undoubtedly  have  been  raifed  through  it. 
It  may,  indeed,  be  faid  that  the  Water  in  this  Experiment  was 
raifed  no*  higher  than  Mercury  (which  is  of  a more  ponderous 
Nature  than  Water  is)  rifes  ; but  then  it  muff  be  confidercd  that  the 
Rifing  of  the  Water  in  Afhes  was  through  a Plenum  ; and  the  general 
Rife  of  all  Water  in  open  Air,  through  a real  Vacuum,  at  leaft,  a Va- 
cuum diffeminatum,  (as  the  Learned  term  it,)  nor  will  Water  rife 
to  thirty-two  Foot  high,  fo  often  mentioned,  till  the  Air  is  fucked 
out  by  a Syringe-Pump,  or  fome  other  Inftrument ; fo  that  though  this 
Rife  of  Water,  may  feem  to  owe  its  Motion  to  the  received  percife 
Laws  of  Hydroftacy;  yet  it  is  plain  it  did  not,  becaufe  the  Experiment 
did  not  fucceed  better  in  Vacuo  than  in  the  open  Air,  though  in  a * Me- 
3 dium 


* 7 he  Afcent  of  Water  through  Apes  in  Vacuo  is  demonjlrated  in  Exper.  6.  Page  I yo.  of 
the  ingenious  Gentleman  beforementtoxed,  who  fays  he  took  aTube  about  ten  Inches  in  Length 
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dium  it  did : On  which  Account  it  is  pretty  plain,  that  it  had  its  Rife  from 
the  innate  Heat,  which  laboured  therein  ; which  by  its  Collifion  againft 
the  more  volatile  fluid  Flame,  forced  out  the  Air  which  was  in  the 
Alhes,  in  order  to  give  Room  for  itfelf  ; and  that  without  the  adven- 
titious A fliftancc,  or  Equilibrum  of  exterior  Air  ; which  is  what  I 
was  in  this  Place  to  reafon  upon. 

Another  Method  by  which  Water  is  raifed  in-  fmall  Tubes,  is 
Filtration.  Now  this  Filtration  is  fo  well  explained  by  the  Inge- 
nious Mr.  Hawks  bee,  ‘Page  z8.  of  the  aforementioned  Treat!  le, 
that  I fhall  make  ufe  of  his  own  Words.  “ The  Reafon  (fays  he) 
“ of  railing  the  Water  in  a Filtre,  will  be  manifeft  to  him  who  takes  No- 
c<  tice  that  a Filtre  is  conftituted  of  a great  Number  of  fmall  long 
“ Bodies  (the  Interfpaces  of  which  may  be  called  Capillary  Tubes:) 
“ Thefe  Bodies  lie  fo  clofe  together,  that  the  Air  in  its  getting  in 
“ between,  doth  lofe  of  the  PrelTure  which  it  has  againlt  the  Fluid 
“ which  is  without  them;  by  which  Means  the  Water  or  Liquor  not 
“ finding  fo  ftrong  a Refinance  between,  as  is  able  to  counter- 
«c  balance  the  PrelTure  on  the  Surface  which  is  without,  is  raifed 
“ upwards  till  it  meets  with  fuclx  a PrelTure  as  is  able  to  hinder 
« it/’ 

As  to  the  Riling  of  Oil,  melted  Wax,  Tallow,  Spirit  of  Wine,  &c,. 
in  the  Week  of  a Candle  or  Lamp,  it  is  evident,  that  it  differs  no- 
thing from  the  former,  favc  in  this,  that  in  a Filtre  the  Liquor  runs 
away  by  another  Part,  and  in  the  Week  the  Liquor  is  dilperfed  and 
carried  away  by  the  Flame. 

And  as  for  the  Rifing  of  Water  in  a Spunge,  a Loaf  of  Bread,  Cot- 
ton, or  any  fuch  Subftance,  above  the  Superficies  of  the  fubjacent  Li- 
quor, (which  the  Reverend  and  Learned  Mr.  Deerham , in  his  Notes 
on  his  Phyfico-Theology,  page  yo.  has  hinted  at,)  what  has  been 
faid  of  the  Filtre,  if  duly  confidered,  will  eafily  fuggeft  the  Rea- 
fon of  it  : For  this  voluntary  Afcent,  if  I may  fo  call  it,  (fays  the 
learned  Hooke , Page  29.  Lib.  pradic.)  it  is,  confidering  that  all  thofe 
Bodies  abound  with  fmall  Holes  or  Pores,  that  Water-Rifes  being  all  of 
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•with  Apes,.  (as  before,)  and  paced  it  in  a Refer  voir,  out  of  which  the  Air  was  exhaufled 
fuffering  it  to  continue  in  that  State  for  feme  Time , to  give  Liberty  for  the  Air  which  was 
in  the  Ajbes  to  get  away,  then  plunging  the  lower  End  of  the  Tube  under  Water  it  was 
found  (as  expet led)  that  the  Water  rofe  much  falter  in  the  rarified  Medium,  than  in 
open  Air  And,  this  points  out  the  Reafon  why  the  Water  in  the  former  Experiment  rofe 
fafter  at  firjl,  than  when  it  had  got  up  nearer  towards  the  Top,  viz.  its  being  by  its  nearer. 
Approach  towards  the  Surface  more  fenfible  of  the  Refinance  of  the  fupermeumbent  Air ; 
And  this  may  be  the  Reafon  alfo  why  Springs  don't  always  break  out  of  the  Tip-tops^  but. 
rather  on  the  Sides  of  Hills . £ 
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them  no  unlikely  Demonftrations  of  thisRife  through  theVeins  and  Pores 
of  the  Earth,  as  the  Sap  does  through  the  Trunk  of  aTree  ; efpecially  if 
to  it  be  added  the  unequal  Altitude  of  the  Sea,  which  will  be  proved 
from  many  Examples,  when  I have  fet  down  what  the  learned 
Hooke  has  fuggefted  on  this  Head,  namely,  That  the  unequal  Height  of 
the  Surfaces  of  Water  within,  proceeds  from  the  greater  Trejfure  of 
other  Fluids  which  are  without , that'is,  from  their  being  of  a more 
ponderous  Nature,  as  Salt-Water  is  more  ponderous  than  Frefh ; and 
by  that  Means,  even  by  the  known  Laws  of  Hydroftaticks,  will  raife 
the  faid  Frefh  Water  higher  than  its  own  Surface,  provided  the  Re- 
finance of  Air  (which  we  have  proved  to  be  much  leffencd  in  this 
Cafe)  be  not  too  great. 

This  different  Afcent  of  Liquors  in  Tubes  of  different  Sizes,  is 
vifibly  expreffed  in  the  Veffel  G,  Fig.  III.  Tab.  feq.  where  the 
Tube  C may  reprefent  Mercury,  the  Tube  B another  Liquid  near 
of  equal  Weight  to  it,  and  the  Tube  A Vinegar,  Fair  Water,  or  any 
more  fubtil  and  thin  Fluid,  which  are  raifed  up  to  different  Heights 
at  E,  D by  the  Gravitation  of  the  Mercury  in  F. 

From  this  it  is  that  Do&or  Hooke  has  drawn  two  Propofitions ; 
the  firft  of  which  is,  That  the  unequal  Trejfure  of  incumbent  Air 
(or  I add,  any  other  Fluid)  will  caufe  an  unequal  Height  in  the 
Waters  Surfaces , which  proceed  from  thence. 

And  the  Second  is,  That  there  is  in  this  Experiment  fuch  an  un - 
equalTreJfure. 

Let  there  be  contrived  fuch  a Veffel,  in  which  you  can  either  m- 
creafe  or  diminilh  the  Preffure  of  the  Air  upon  this  or  that  Part  of 
the  Surface  of  the  Water,  the  Equality  of  thofe  Parts  will  be  im- 
mediately loft ; and  that  Part  of  the  Superficies,  which  fuftains  the 
greater  Preffure,  will  be  inferior  to  that  which  undergoes  the  lefs. 
A Veffel  fit  for  this  Purpofe,  will  be  an  inverted  Glafs  Scyphon, 
fuch  a one  as  is  defcribed  in  Figure  IV.  Tab.  feq.  For  if  you  put 
Water  enough  to  fill  it  as  high  as  A,  B,  and  gently  blow  in  at  D, 
you  fhall  deprefs  the  Superficies  B,  and  thereby  raife  the  oppofite 
Superficies  A to  a confiderable  Height,  and  by  gently  fucking,  you 
may  produce  the  quite  contrary  Effects. 

Next,  that  there  is  fuch  an  unequal  Preffure,  I lhall  prove  from 
this,  That  there  is  a much  greater  Incongruity  of  Air  to  Glafs,  and 
fomc  other  Bodies,  than  there  is  of  Water  to  the  fame  : But  this  par- 
ticular Enquiry  of  Doctor  Hooke  is  too  long  to  be  infertedin  this  Place  •, 
which  makes  me  haften  to  that  which  is  of  more  Ufe  in  the  Treatife 
I am  upon,  and  which  was  one  of  the  chief  Corollaries  drawn  by  that 
great  Man,  (vizi)  Whether  from  the  feveral  Properties  with  which 
, Water 
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Water  and  other  Fluids  were  endowed  with,  (which  are  by  him  re- 
duced to  the  general  Laws  of  Motion  and  R.eft ,)  the  Riling  and  Ebul- 
lition of  the  Water  out  of  Springs  and  Fountains,  (which  are  gene- 
rally efteemed  to  lie  much  higher  than  the  Superficies  of  the  Sea, 
from  whence  it  feemed  to  be  derived,)  may  not  be  explained  by  the 
Rifing  of  Water  in  a fmaller  Pipe  : For  the  Sea-Water  being  ftrained 
through  the  Pores  or  Crannies  of  the  Earth,  is,  as  it  were,  included 
in  little  Pipes,  where  the  Preffure  of  the  Air  has  not  fo  great  a Pow- 
er to  refill  its  firfl:  Rifing  : But  examining  this  Way,  fays  my  learn- 

ed Author,  and  finding  in  it  leveral  Difficulties  almoft  unmovable,  I 
thought  upon  a Way  that  would  much  more  naturally  and  conceiva- 
bly explain  it. 

I Took  a Tube  Glafs  of  the  Form  of  that  defcribed  in  the  IVth 
Figure,  Tab.  feq.  and  chufing  two  heterogenous  Fluids,  fuch  as  Wa- 
ter and  Oil,  I poured  in  as  much  Water  as  filled  up  the  Pipes  as 
high  as  A,  B;  then  putting  in  fome  Oil  into  the  Tube  A,  C,  I de- 
preffed  the  Superficies  A of  the  Water  to  E,  and  B I raifed  to  G, 
which  was  not  fo  high  perpendicularly  as  the  Superficies  of  the  Oil 
F,  by  the  Space  F I ; wherefore  the  Proportion  of  the  Gravity  of 
thofe  two  Liquors  was  as  G,  H,  to  F,  E. 

This  Experiment  was  alfo  tried  with  feveral  other  Liquors,  and 
particularly  with  Frefh  Water  and  Salt,  (which  was  made  by  diffol- 
ving  Salt  in  warm  Water;)  which  two,  though  they  are  nothing  he- 
terogenous or  diflimilar  one  from  another,  yet  before  they  could  per- 
fe&ly  mix  with  one  another,  I made  Trial  of  the  Experiment:  Nay, 
letting  the  Tube,  wherein  I tried  the  Experiment  Hand  for  many 
Days,  T obferved  them  not  to  mix;  but  the  Superficies  of  the  Frefh, 
was  rather  more  than  lefs  elevated  above  the  Salt-Water.  Now  the 
Proportion  of  the  Gravity  of  Sea- Water,  to  that  of  the  River,  (ac- 
cording to  Stevinus  and  Varrennius,  and  which  has  been  fince  found 
by  other  very  curious  Experiments,  is  as  46  to  45".  that  is  4 6 
Ounces  of  the  Salt-Water,  will  take  up  no  more  Room  than  45”  of 
the  Frefh  ; or  reciprocally  45-  Pints  of  Salt-Water,  weighs  as  much  as 
4 6 of  Frefh. 

But  the  Proportion  of  Brine-Water  to  Frefh,  I found  to  be  near 
IB  to  1 2.  Suppofing,  therefore,  G,  H,  to  reprefent  the  Sea,  and 
F,  I,  the  Summit  of  the  Mountain  above  the  Sea,  F,  M,  a Cavern  in 
the  Earth,  beginning  at  the  Bottom  of  the  Sea,  and  terminated  at  the 
Top  of  the  Mountain  ; L,  M,  the  Sand  at  the  Bottom,  through 
which  the  Water  is,  as  it  were,  ftrained,  fo  as  that  the  Frefher  Parts 
are  only  permitted  to  tranfude,  and  the  Saline  kept  back  : If,  there- 
fore, the  Proportion  to  G,  M,  to  F,  M,  be  as  4<  to  4 6.  then  may 
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the  Cylinder  of  Salt-Water  G,  M,  make  the  Cylinder  of  Freffi-Wa- 
ter  to  rife  as  high  as  E,  and  to  run  over  at  N. 

It  is  not  much  to  the  Purpofe  in  this  Place,  to  examine  or  confute 
the  Opinion  of  thofe  who  affirm,  that  the  Depth  of  the  Sea  is  no 
more  in  Perpendicular  than  the  Height  of  the  Mountains  above  it^ 
there  being  few,  if  any,  that  have  experimentally  known  the  Per- 
pendicular of  either:  Itisfufficient  for  the  Purpofe  in  hand,  that  the 
Gravity  of  Salt-Water  is  fuch,  when  compared  with  Freffi,  that  it 
will  raife  it  higher  than  its  firft  Level,  and  that  agreeably  to  the  fo 
often  repeated  Laws  of  Hydroftaticks  ; which  when  added  to  what 
has  been  before  fet  down  concerning  Filtration,  fubterraneous  Heat, 
&c.  will  make  the  Afcent  of  Water  to  the  Tops  of  high  Mountains 
the  lefs  difficult  and  furprizing. 

Nor  is  there  Room  here  to  determine,  whether  there  may  not  be 
other  Caufes  of  the  Separation  of  the  Freffi-Water  from  the  Salt;  as 
that,  perhaps,  lome  Parts  of  the  Earth  through  which  it  is  to  pals, 
may  contain  a Salt,  that  mixing  and  uniting  with  the  Sea-Salt,  may 
precipitate  it,  much  after  the  fame  Manner  as  the  alkazite  and  acid 
Salts  mix  with  and  precipitate  each  other  in  the  Preparation  of 
Tartarum  Vitriolatum  ; neither  can  it  be  exaftly  known,  whether 
the  exceeding  Cold,  which  muft  accordingly  be  at  the,  Bottom  of  the 
Water,  may  not  help  towards  this  Separation,  fince  ’tis.  found,  that 
any  Quantity  of  wTarm  Water  is  able  to  diffolve  and  contain  more  Salt, 
than  the  fame  Quantity  of  cold  ; infomuch,  that  Brines  ftrongly  im- 
pregnated by  Heat,  do  fuffer  much  of  their  Salt  to  fublide  and  chryl- 
talize  about  the  Bottom  and  Sides : Neither  is  it  known,  whether  the 
exceeding  Preffure  of  the  Parts  of  Water  one  againft  another,  may 
not  keep  the  Salt  from  defeending  to  the  very  Bottom,  as  finding 
little  or  no  Room  to  infert  it  fielf  between  thofe  Parts  protruded  fo 
violently  together;  or  elfe  fqueeze  it  upwards  into  the  fuperior  Part 
of  the  Sea,  where  it  may  more  eafily  obtain  Room  for  it  fell,  amongft 
the  Parts  of  Water,  where  there  refides  more  Heat  and  lefs  Preffure: 
To  which  Opinion  fome  Geographical  Writers  feem  to  incline  us,  when 
they  write  of  the  drawing  of  Freffi-Water  from  the  Bottom  of  the 

Sea,  where  it  is  naturally  fait  above. 

But  a Fifth  Power,  by  which  Water  may  be  made  to  afeend  to 
the  Tops  of  high  Hills,  is  by  Attraction,  a Principle  (as  the  ingeni- 
ous Mr.  Hawksbee  has  it)  which  governs  far  and  wide  in  Nature, 
and  by  which  molt  of  its  Phenomena  are  explained;  which  AttiaCli- 
on  has  been  attempted  to  be  folved  feveral  Ways : Some  attribute 
it  to  the  impeded  or  diminished  Action  of  the  Air  i others  to  the  ln- 
nix  ion,  or  Re  [tin?  of  the  cParts  of  the  Fluid  on  the  Pores  and 
? J * Points 
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Points  of  Glafs,  or  other  Bodies,  through  which  it  paffes ; and  o- 
thers  (of  which  the  learned  Hook  in  his  Micographia  juft  mentioned, 
is  one)  from  the  Congruity  or  Incongruity  of  the  Parts  of  Matter 
one  to  another  ; all  which  being  couched  in  hard  and  unintelligible 
Terms,  which  would  rather  confound  than  inftrud  my  Reader,  I 
can  only  fay  this,  that  ’tis plain  there  is  fuch  a ‘Power  in  Nature,  by 
which  the  Parts  of  Matter  do  tend  to  each  other  ■ and  that  not  only 
in  the  larger  Portions  of  it,  but  in  thofe  which  are  more  minute 
and  infenfible. 

To  pafs  by  then  all  the  curious  Definitions  of  the  Attradion  here  fpo- 
ken  of,  and  which  is  one  Caufe  of  the  Afcent  of  Liquids  in  fmall  Tubes, 
and  confequently  of  the  Rife  of  Springs  to  the  Tops  of  Hills,  let 
A,  B,  C,  D,  Figure  V.  Tab.  feq.  be  a fmall  Tube  perpendicularly 
immers’d  in  a Liquid  whofe  Horizontal  Surface  is  E,  C,  D,  F. 

The  Parts  of  the  Liquid  a,  a,  b,  b,  adjoining  to  the  Concave 
Surface  of  the  Tube,  are  ftrongly  attraded  by  it,  and  that  in  a Di- 
rection perpendicular  to  the  Sides  of  the  cylinderick  Glafs;  or 
(which  is  all  one)  parallel  to  E,  F,  the  Surface  of  the  Liquid. 

N ow  the  Particles  a,  a,  b,  b,  gravitating  in  Diredions  per- 
pendicular to  E,  F,  (that  is,  parallel  to  A,  C,  and  B,  D,)  the  Sides  of 
the  Tube : By  Means  of  the  Attradion  it  comes  to  pafs,  that  the 
Particles  a,  a,  b,  b,  have  all  of  them  a much  lefs  Momentum,  or 
gravitating  Force,  than  otherwife  it  would  have,  were  the  Attrac- 
tion away.  Therefore  the  Parts  of  the  Fluid  which  lie  immediately 
upon  them,  are  much  lefs  prefled  upon  than  otherwife  they 
would  be. 

And  although  the  Particles  d,  d,  lie  farther  off  towards  the  Mid- 
dle of  the  Tube,  yet  in  a very  minute  and  flender  one,  (fuch  as  is  here 
mentioned,)  they  are  near  enough  to  be  within  the  Reach  of  the 
powerful  Attradion  of  the  Surface,  fo  far  as  to  be  in  fome  Meafure 
influenced  thereby,  either  immediately  or  fuddcnly,  by  the  Means  of 
the  Particles  a,  a,  b,  b,  which  are  ftrongly  urged  towards  the  Glafs, 
and  do  (by  the  general  Law)  attrad  the  neigbouring  Particles  d,  d, 
towards  themfelves. 

Upon  thefe  Accounts,  the  Momenta  of  all  thofe  Particles,  compre- 
hended within  the  Circumference  of  the  lower  Bafis  of  the  Tube,  be- 
ing much  leffened,  the  Fluid  which  lies  diredly  under  ’em,  is  pro- 
portionably  lefs  preffed. 

But  the  Parts  of  the  Fluid  f,  f,  f,  f,  which  lie  between  the  Sur- 
face E,  C,  D,  F,  and  the  Bottom  of  the  Tube  areat  more  remote  Dis- 
tances from  the  Sides  of  the  Tube,  than  its  Semi-Diameter ; thefe 
Particles,  I fay,  being  out  of  the  Reach  of  any  fuch  Attradion,  do 
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gravitate  with  their  Force,  or  Momentum,  on  the  Parts  which  lie  un- 
der them : Therefore  it  appears,  that  by  the  Immerfion  of  the  fmall 
Tube  into  the  Liquids,  the  Equilibrium  is  deftroyed  between  thofe 
Parts  of  the  Liquid  lying  within  the  Circumference  of  the  lower  Ba- 
fis,  and  thofe  that  are  without.  And  fo  by  the  Laws  of  Hydrofta- 
ticks,  the  Liquid  muft  rile  within  the  Surface  of  the  Tube;  for  the 
ftronger  Fluid  (fuppofe  Salt-Water  or  Frefh)  will  Fill  prefs  in  upon 
the  Weaker,  and  force  it  away  before  it,  (as  has  been  already  demon- 
itrated by  Figure  IV.  Tab.  feq.)  that  is,  the  Particles  about  a,  a,  b,  b, 
principally,  and  next  to  them,  the  Particles  about  d,  d,  muft  ne- 
ceflarily  give  Way  to  the  Particles  below  them,  which  are  urged  on 
by  the  fuperior  Momentum  of  the  Particles  which  come  from  the 
aforefaid  remote  Diftances  about  f,  f,  f,  f,  from  whence  it  follows, 
that  thofe  Particles  about  a,  a,  b,  b,  muft  neceflarily  alcend  higher  in 
the  Tube,  as  to  e,  e,  e,  e. 

When  they  are  rilen  higher,  the  Attraction  to  the  Sides  of  the 
Tube  will  take  place  as  before,  and  by  leflening  their  Momenta, 
with  refpect  to  thofe  below  them,  will  give  a new  Occafion  to  the 
external  Fluid,  to  infinuate  it  felf  within  the  Bottom  of  the  little 
Tube,  and  confequently  pufh  thofe  Particles  Hill  up  higher  as  to 

g,  g,  g,  g. 

Thus  by  the  continual  Aftion  of  the  fame  Caufe,  the  fame  Ef- 
fect follows,  and  the  Liquor  continues  to  afeend  in  the  Tube,  till  it 
comes  to  a certain  determinate  Height,  where  it  keeps  its  Station,  and 
that  by  the  fame  Laws  which  brought  it  thither. 

And  this  I take  (with  great  Submiffion)  to  be  a fatisfaftory 
Account  of  the  Reafon  of  this  Phenomenon,  and  ferves  to  ffiew  the 
Manner  and  Way  by  which  Liquids  may  be  conceived  to  rife  (not 
only)  in  fmall  Tubes,  and  in  Cafes  of  a minute  Nature,  but  alfo  in 
thofe  larger  Bodies  of  Water,  which  rife  through  the  Crannies  and 
Pores  of  the  Earth,  f 'Sc. 

And  having  thus  ftiewn  the  Methods  by  which  Water  may  afeend 
by  the  Afliftance  of  fubterraneous  Filtration,  Attraftion,  or  more  pro- 
perly fpeaking,  by  the  Afcent  of  Liquors  in  the  Capillary  or  fmall  T ubes 
of  Afhes  in  the  open  Air,  and  in  Vacuo ; it  follows,  that  I endeavour 
to  demonftrate  that  the  Sea  docs  lie  as  high,  or  higher  in  many  Places, 
than  the  Land  does ; and  that  confequently  the  Laws  of  Hydroftacy 
have  more  Force  in  this  great  Work  of  Nature,  than  its  Oppofers, 
or  thofe  who  are  diffident  of  its  Power,  generally  fuppofe  it  has,  efpe- 
cially  if  to  it  be  added  the  additional  Gravitation  and  Preflures  of 
the  Moon  and  Atmofphere  in  Storms,  High  Tides,  and  turbulent 
Weather.  Sc. 
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That  the  Sea,  and  many  large  Rivers  are  higher  in  lome  Places, 
and  at  forne  certain  Times,  than  the  general  Level  of  the  Earth  is, 
efpecially  in  high  Tides,  is  not  only  probable,  but  very  vifible  to 
any  that  lhall  duly  and  carefully  confider  it  ; and  that  it  is  near  as 
high  in  meeting  of  the  Tides  in  the  Middle  of  the  Ocean,  as  the  general 
Run  of  Hills,  is  no  lefs  plain  to  thofe  that  have  ever  tryed  it  by  Levels. 

Doctor  Plott,  page  155-.  of  his  ofc  quoted  Treatife  of  Springs , fays, 
that  the  River  Trent  lies  higher  in  the  Counties  of  Stafford , Darby , 
Nottingham , and  Lincoln , than  the  River  Dane , Don , or  Dun , 
which  is  in  Chef  ire , Lincoln , and  Torkfhire,  does  ; from  which  it  is  in- 
ferred, that  the  Irijb  lifts  up  its  Head  higher  than  that  which  we  call 
the  Deucalidon  Sea : And  according  to  the  Authority  of  many  anci- 
ent Mathematicians  and  Philolophers,  (as  Cratothenes  by  Strabo  re- 
lates,) it  is  affirm’d,  that  at  the  City  of  Corinth  the  Sea  was  much 
higher  than  that  of  the  Saronichus  near  Cenchrea , a Town  of  Belle- 
pone fits,  fo  that  it  frightened  Demetrius  Poliocertes  (who  0- 
therwife  was  determined  to  have  dug  away  the  Ifihmus)  in  fuch  a 
Manner,  that  he  left  off  his  Defign. 

To  the  fame  Realon  alfo  (to  wit,  that  of  the  Ionian  being  higher 
than  the  /Lgean  Sea)  it  was  owing,  that  Julius  Ccefar , Caligula , and 
Nero , having  began,  defifted  from  advancing  that  Work,  as  Joh. 
Bapt.  Riccioli  Geograph.  & Hydograph.  Reformat <e,  Lib.  I.  cap.  1 6. 
fets  down. 

On  this  Account  alfo  it  was,  that  Sefofiris  King  of  Egypt , Darius 
of  Perfia , Ptolomy , and  after  them  (as  C.  Plinius  Secundus , in  his 
Natural  Hiftory,  Lib.  II.  cap.  29.  likewife  fets  down)  the  Egyp- 
tian Sultans,  and  laft  of  all,  the  Dirkifh  Emperors  ; and  whoever  was 
Prince  in  their  refpedlive  Times,  who  had  defigned  to  attempt  the 
Cutting  through  th q Arabian  Ifihmus,  which  was  between  th eRed-Sea, 
Nile , or  Mediterranean.  But  having  found  by  the  Egyptian  Ma- 
thematicians that  the  Red-Sea  was  three  Cubits  higher  than  the 
Land  of  Egypt , were  afraid,  leaf:  that  Country  ffiould  be  overflowed 
by  a perpetual  Deluge  of  Water. 

Nor  does  this  appear  to  be  fo  amongft  the  Ancients,  only  fince 
Cabteus , in  his  Treatife  of  Meteors,  Lib.  I.  Text  9.  Queftion  9.  and 
Text  73.  teaches,  that  it  was  manifeft,  even  to  common  Sight,  that 
the  Gulph  of  Geneva  is  much  higher  than  the  Adriatick  Sea ; for  if 
any  one  will  take  the  Pains  to  afeend  the  Mountain  of  Bochetta , it 
is  manifeft  (fays  he)  by  Infpe&ion  only,  that  the  laid  Sea  of  Gene- 
va, which  direfts  its  Courfe  by  Serraval,  where  it  keeps  to  its  Le- 
vel, from  thence  to  Tar  tar  a,  where  it  is  a kind  of  a flat  or  gentle  de. 
dining  Sea  5 and  from  thence  to  Papia , where  its  Declivity  is  great- 
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er;  till  at  laft  of  all,  it  is  ftill  lower  in  the  Gulph  of  Venice.  And 
having  fo  changed  the  Order  of  Nature,  the  Sea  of  Geneva  is  there 
lower  than  that  of  the  Adriatic k ; though  there  are  many  which  have 
affirmed  the  contrary. 

Ricciolus  (in  his  Geograph.  & Hydrograph.  Lib.  i.  cap.  1 6.)  af- 
firms, moreover,  that  he  was  informed  by  the  Fathers  of  the  Society 
of  Jefus,  that  in  the  Mountains  which  are  adjacent  to  the  lfthmus  of 
Panama , (from  whence  one  may  take  a View  both  North  and  South 
of  the  American  Sea,)  it  is  manifeft,  that  the  Sea  runs  much  higher  at 
Hombre-de-dios , than  it  does  at  Panama. 

From  all  which  it  appears,  and  this  is  the  Reafon,  why  the  Bottom 
of  fome  Seas  are  higher  than  others.  Neither  is  this  any  new  Thing, 
but  fuch  as  has  been  long  ago  obferved  by  Arijiotle  himfelf:  For  he 
affirms,  not  only  that  fome  Seas  are  higher  than  others , but  that  moft 
Rivers  flow  from  the  Weft,  bccaufe  the  Earth  is  there  higher  than  in 
other  Parts  of  the  World,  for  which  fee  his  Treatife  of  Meteorology , 
Lib.  II.  Cap.  i.)  From  this  Caufe  alfo  it  is,  that  Fromondus , as 
well  as  Van  Helmont , confefs,  that  the  Tides  which  flow  from  the 
North  to  the  South,  run  fwifter  than  any  where,  although  the  Wind 
be  againft  it : And  fo  fanguine  is  Helmont  in  this  Matter,  that  though 
he  allows  the  terraqueous  Globe  is  turned  from  the  Eaft  to  the  Weft, 
and  that  it  is  fpherical ; yet  for  the  fame  Reafon  he  proceeds  to  deny, 
that  its  Figure  is  turned  from  North  to  South,  but  argues  that  it 
is  there  rather  eclyptical,  and  not  round,  from  the  Observations  of 
thofe  who  fail  a good  Way  towards  the  North- Pole,  who  have  affert- 
ed,  that  they  ought  to  have  leen  the  Sun  fooner  by  a whole  Month, 
if  this  united  Body  of  Earth  and  Water  was  perfedly  fpherical; 
which  Effed,  as  it  greatly  exceeds  thofe  Limits  of  Darknefs,  ought  in 
all  Reafon,  as  it  appears  to  me,  to  be  from  the  greater  Elevation  of  the 
northernly  Regions,  above  thofe  of  the  South.  An  Inftance  of  this 
is  Fad  in  the  Mediterranean  Sea,  and  in  other  Regions  adjoining  to 
it,  as  the  aforefaid  Van  Helmont , in  his  Ortas  Medicine,  Cap.  xi. 
pag.  34,  35-.  Edit.  Venetiis  Anno  165-1.  fets  down:  And  how  can  it  be 
otherwife,  when  the  Northern  flow  into  the  Atlantic k,  orWeftern  and 
the  Atlantick  into  the  Mediterranean  Seas?  Whereas  the  Current  of  the 
Volga,  (if  there  be  any  fubterraneous  Correfpondence  of  the  Cafpian 
with  the  Euxine  Sea,)  the  Danube , Tanais , and  Borifhenes , caufe 
that  all  thofe  Rivers  which  wander  through  fuch  vaft  Trads  of 
Land  from  the  North,  and  are  carried  in  a continual  Declivity  all 
the  Way,  clearly  to  demonftrate,  that  the  Place  to  which  they  go,  is 
much  lower  than  the  Northern  Plains  from  whence  they  proceed  ; 
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he  Seas  whereof  are  lifted  up  fo  high,  as  that  they  may  eafily  fupply 
the  Springs  which  are  in  the  higheft  of  the  Southern  Mountains. 

But  not  to  detain  my  Reader  any  longer  in  Purfuit  of  diftant  En- 
quiries, it  may  be  proved  from  that  Convexity  which  is  in  the  Mid- 
dle of  the  Sea  itfelf,  that  at  the  Meeting  of  the  Tides  from  the 
Shores  from  each  Side,  the  W aters  lie  as  high  as  moft  ordinary  high 
Grounds  where  Springs  break  out  do  : Of  this  I have  my  felf  made 
Obfervations  from  the  Point  of  St.  Katherine’ s , and  other  Places  in 
the  Ifle  of  Wight , which  I fhall  by-and-by  relate. 

I Know  that  Monfieur  Rohault  * in  his  Phyficks,  ridicules  the 
Notion  of  thofe  who  fay,  that  the  Sea  lies  higher  than  Land,  and 
calls  it  a very  abfurd  Notion ; for  then,  fays  he,  it  muft  follow,  That 
Rivers  do  not  decline , but  run  up  Hill.  But  when  we  confider  the 
great  Difference  there  is  between  high  Water-Mark  and  the  low,  in 
fome  Places  no  lefs  than  ten,  fifteen,  or  twenty  Foot,  and  in  others 
more,  efpecially  in  high  Tides  and  Fluxes  of  Water,  his  not  diffi- 
cult to  account  for  the  eafy  Paffage  and  Defcent  of  Water  at  thofe 
Times,  an  Obfervation  fo  common,  that  I need  not  enlarge  upon  it. 

But  that  the  Sea  in  general  (at  leaft  the  middle  Part  of  it)  lies  rounder 
than  the  Land,  is  obvious  in  a great  many  Inftances;  efpecially  in 
one  Obfervation  which  I have  (as  is  juft  now  hinted  at)  made  in  the 
Me  of  Wight  fome  Years,  and  fince  much  improved.  The  firft  In- 
timation which  I had  of  it,  was  the  Paffage  of  a Ship  out  of  thofe 
Coafts  dire&ly  crofs  for  thofe  of  France ; where  for  fome  Leagues 
we  could  fee  the  Ship  very  plain,  but  on  continuing  our  View  a great 
while,  we  at  laft  difcovered  the  Ship  to  difappear  by  Degrees;  firft 
the  main  Bulk,  then  the  lower,  and  at  laft  the  Top  Sails.  And  all 
this  in  a very  little  Time,  not  half  an  Hour,  at  moft. 

This  occafioned  another  Obfervation,  fome  Time  afterwards  in  a 
pretty  clear  Day,  and  when  the  Water  was  near  at  its  loweft  Ebb,  and 
about  thirty  Foot  lower  than  the  Eminence  on  which  we  flood;  then 
by  the  Help  of  an  indifferent  Level,  and  indeed  a worfe  Telefcope, 
we  found  that  the  horizontal  Line  from  the  Place  where  we  flood, 
was  intercepted  by  the  Surface  of  the  Water;  on  which  Account  we 
moved  up  into  more  advanced  Ground  twenty  or  thirty  Foot  higher, 
and  then  we  could  juft  furvey  the  higheft  Part  of  the  Water;  and  up- 
on advancing  ftill  higher,  could  by  the  Help  of  our  Glaffes,  indiffe- 
rent as  they  were,  difcover  fomething  like  Land  on  the  other  Side, 

which 
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which  we  took  to  be  the  Coafts  of  France ; which  in  very  clear 
Weather,  and  with  good  Gialfes,  may  be  feen  at  any  Time  there. 
And  what  made  it  remarkable  was,  that  on  the  other  Side  of  the  Hill, 
which  was  about  two  Miles  Diftance  from  the  Place  where  thofe  Ob- 
iervations  were  made,  and  as  near  as  we  could  guefs,  (for  we  had  not 
Time  to  make  the  Experiment,)  the  Springs  cut  at  near  that  Level. 

But  if  it  be  granted  that  the  World  is  fpherical,  and  that  the  Su- 
perficies of  Water  is  fpherical  alio,  the  Center  of  whole  Sphere  is 
the  fame  with  that  of  the  Earth,  (as  Archimedes , in  his  two  Books  de 
Injidentibus  Humido,  which  is  rendered  in  Latin  by  the  learned  Barrow 
before  nam’d,  Lib.  I.  Prop.  2.affeits,)  and  that  the  Center  of  Gravity  is 
but  a very  little  Diftance  from  the  Center  of  Magnitude  ; W ater  is  of  fo 
light  a Nature,  that  if  that  which  is  in  one  Part  be  carried  to  another 
Part,  which  is  a great  Way  off,  into  any  Hill  in  that  Part;  the  Wa- 
ter which  is  one,  will  fo  exfuperate  the  higheft  Hill  which  is  in  the 
other,  i.  e.  that  is  far  more  diftant  from  the  Center  of  Gravity,  than 
the  Top  of  the  higheft  Mountain  can  be ; that  I can’t  underftand 
(fays  the  learned  ‘Plott ) what  lhould  hinder,  why  Water  lhould 
not  of  its  own  Accord  (contrary  to  all  exterior  Force,  fuch  as  is  de- 
monftrable  by  the  Laws  of  Hydroftacy)  afeend  to  the  Tip-top  of  the 
higheft  Mountain,  that  is  any  where  extant  in  the  World,  when  its 
Level  is  more  elated,  i.  e.  farther  diftant  from  the  Center  of  Gravi- 
ty, than  the  Top  of  the  higheft  Mountain  can  be:  And  if  we  accu- 
rately confider  the  terraqueous  Globe,  we  ftsall  truly  find  the  fame 
unequal  Difference  of  the  Sea  and  Land,  as  there  is  betwixt  the  Cen- 
ter of  Gravity  and  the  Center  of  Magnitude;  that  it  is  necelfary  it 
lhould  recede  as  much  (though  more  might  be  faid)  as  the  Top  of  the 
Mar  de  Lur , or  ‘Pacijique , is  diftant  ftom  the  Bottom.  For  that  Sea, 
if  you  take  it  from  the  Shores  of  the  River  Sinis,  you  may  fuppole  it 
to  extend  it  felf  between  the  Longitude  of  150  Degrees,  and  that 
of  160;  from  which  you  may  colled,  that  it  takes  up  one  third  Part 
of  the  Globe,  and  leaves  the  two  other  Parts  of  the  Earth  ; fo  that  if 
you  fuppofe  it  affords  fo  many,  or  fuch  great  Profundities,  or  Ine- 
qualities in  the  Bottom  of  this  Sea,  as  are  extant  on  the  Mountains 
oppofite  to  that  Land,  it  will  be  very  eafy  to  underftand  how  Wa- 
ter may  be  raifed  to  the  Top  of  any  of  thofe  Mountains. 

Neither  can  it  be  here  obje&ed,  that  if  the  Center  of  Gravity 
fnould  be  fo  far  diftant  from  the  Center  of  Magnitude,  but  that  it 
rnuft  neceffarily  happen  it  muft  drown  a great  Part  of  Afia  and' 
America , whilft  it  endeavours  to  keep  to  its  Equilibrium,  or  Level ; 
for  the  Shores  of  all  thofe  Seas  being  filled  with  Creeks  or  Rocks, 
which  being,  moreover,  but  a little  higher  than  the  Border  or  Bounds 
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of  the  Sea,  although  the  Hill  of  Waters  which  is  within  appears  to 
be  gibbofe,  the  Waters  at  the  fame  Time  riling  to  great  Heights,  (that 
fhouid  not  God  Almighty,  in  his  due  Time  interpofe,  who  has  fet 
Bounds  to  the  IV titers , that  they  may  not  pafs  over , that  they  turn 
not  again  to  cover  the  Earth ; * And  unto  the  Sea , he  /aid,  hither- 
to (Jo alt  thou  gOj  but  no  farther ; and  here  {hall  thy  proud  Waves  be 
flopp'd^  f)  thofe  miferable  Countries  mull  ofNecefiity  be  drown'd. 

And  if  the  Sea,  confider’d  in  a State  of  Quietude,  can  do  fo  much, 
how  much  more  will  it  effect,  when  it  is  in  a turbid  or  troublefome 
State,  When  its  Waters  are  gather’d  together , as  in  an  Heap ; ± 
When  the  Lord  J, lews  his  Wonders  in  the  Deep , and  raifeth  up  the 
flormy  Wind , which  lifteth  up  the  Waves  thereof  fo  that  they 
mount  up  to  Heaven , and  then  go  down  again  to  the  Depths.  § 

To  all  that  has  been  laid  on  this  Head,  namely,  of  the  forcing  of 
Waters  through  the  fubterrancous  Duds  and  Channels  of  the  Earth, 
by  the  unequal  Height  andPreffures  of  Water  in  feveral  Parts  of  the 
Ocean,  &c.  may  be  added,  the  Effects  which  proceed  from  the  Flux  and 
Reflux  of  the  Sea,  which  is  generally  allow'd  to  proceed  from  the  Gra- 
vitation of  the  Moon  on  the  Atmolphere  ; fuch  a Moon  making  fuch 
a Tide,  being  a common  Expreflion  amongft  all  Navigators : But 
whether  her  proper  Action  be  to  raife  the  Sea's  Surface  above,  or  de- 
prefs  it  below  its  natural  Level,  feems  not,  perhaps,  lo  eafy  to  deter- 
mine, fince  its  Motion,  alternately  up  and  down,  may  be  occafionM 
by  either,  and  is  one  undoubted  Caufe  (amongft  many  others)  by 
which  Water  is  agitated,  and  forc’d  to  rife  to  the  Tops  of  fuch  high 
Hills. 

Those  who  won’t  allow  the  Original  of  Springs  to  be  from  the 
Sea,  own,  as  does  the  Learned  Nienwentyte , Self.  lxx.  of  his  Reli- 
gious Philo fopher , who  fays,  “ That  the  Waters  of  the  Sea  under 
“ th_e  Moon,  or  nearly  under  it,  do  on  both  Sides  of  the  Globe, 
“ raife  an  exceeding  great  and  convex  Mountain,  which  daily  furround 
the  Earth.  Now  that  this  can’t  happen  without  difturbing  the 
“ Sea,  even  in  its  deepeft  Cavities , is  certain  and  chat  Springs, 
which  correfpond  therewith  through  the  Veins  and  Fiffures  of  the 
Earth,  fhould  not  be  affected  alfo,  is  as  much  to  be  wonder'd  at. 

The  Antients  generally  attributed  to  the  Moon  a Power  of  rai- 
ding or  fwelling  the  Surface  of  the  Ocean,  after  the  Manner  of  boil- 
ing Water;  whence  it  was  called  the  ALfius,  or  Ebullition  of  the 
Sea,  which,  as  they  held,  was  at  once  excited  in  the  Parts  direct ly  under 
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her  Meridian,  and  thofe  diametrically  oppofite  to  them ; the  former 
by  her  dried,  this  by  her  reflex’d  Rays.  Of  this  Opinion  is  Arijlotle , 
in  his  Treatife  de  MundoJ  Cap.  4.  as  alfo  Strabo > Toraponius  Me /a, 
(as  I find  it  in  an  antient  Manufcript,')  Tliny,  (in  his  Natural  Hijlo- 
ry  Lib.  ii.  Cap.  97.)  and  others,  who  afcribe  the  Original  of  Springs 
to  Air,  Vapours,  &c.  And  ‘Pliny  pleafantly  calls  the  Moon  Sydus 
Avidwn>  trahenfque  fecum  Haujlu  Maria  ^ SCc. 

To  proceed  with  a learned  Author  on  this  Subjed.  The  Moon’s 
Orbit  being  over  thofe  Parts  of  the  terraqueous  Globe  which  lie  be- 
tween the  Tropicks,  and  where  the  largeft  Seas  aie,  as  fhe  pafles  over 
them,  preffes  thofe  Particles  of  Matter  which  are  underneath  her, 
and  they  prefs  the  next  under  themfelves,  and  fo  the  whole  interme- 
diate Air;  and  thereby  at  laft  the  Waters  of  the  Sea,  and  fo  caufes 
the  faid  Water  to  rife  on  each  Side  of  that  Part  ot  the  Sea  which^ 
lies  under  her  Orbit,  that  is,  towards  the  North  and  South  Parts  ol 
the  World.  Hence  to  us,  wh<J>  live  in  the  Northern  Parts,  the  Tide 
always  comes  from  the  South,  becaufe  the  Moon’s  Orbit  travels 
South  of  us : And  on  the  like  Account  the  Tide  comes  from  the  North, 
to  thofe  which  live  in  the  Southern  Parts  of  the  World,  becaufe  the 
Moon’s  Orbit  is  North  of  thdm  : And  hence  it  is  evident  alfo,  that 
the  Tide  muft  come  fo  much  fooner  or  later  to  any  Place,  as  it  lies 
more  or  lefs  diftant  from  the  Tropicks,  or  thatTrad  of  the  Sea,  which 
is  underneath  the  Moon’a  Orbit. 

The  Tide  being  thus  caus’d  by  the  Preffure  of  the  Moon,  it  plain- 
ly follows,  that  becaufe  the  Moon  comes  every  Day  to  the  Meridian 
of  any  Place  fifty  Minutes  later  than  the  Day  before,  therefore  the 
Tide  like  wife  muft  fall  out  fifty  Minutes  later  every  Day  than  the 
Day  before,  in  refped  of  any  particular  Place. 

Also  the  Moon  is  fix  Hours  in  coming  from  the  Horizon  of  any 
Place  to  its  Meridian,  therefore  it  is  obvious,  | that  the  Tide  muft  be 
fix  Hours  coming  in ; and  in  like  Manner,  becaufe  the  Moon  is  fix 
Hours  in  going  from  the  Meridian  to  the  Horizon  of  any  Place, 
therefore  the  Tide  muft  be  the  fame  Time  in  going  out ; where  it  is 
obvious,  that  as  the  Preffure  of  the  Moon  begins  in  refped  of  any 
particular  Place  fo  foon  as  fhe  comes  to  its  Horizon,  fo  her  Preffure 
continually  increafes,  till  Ihe  comes  to  the  Meridian  of  that  Place; 
and  confequently  the  Tide  ftillrifes  higher  and  higher,  till  Ihe  comes 
to  the  faid  Meridian ; which,  as  the  Moon  leaves  again,  fo  her 
Preffure  decreafes;  and  confequently  - the  Tide  finks  lower  and 

lower.  . 

Moreover,  it  being  agreeable  to  the  Laws  of  Staticks,  (as  is 
found  by  Experiments,)  for  heavy  Bodies  to  gravitate  fo  much  more 
as  they  come  nearer  to  the  Center  of  the  Earth;  hence  the  Realm 

why 
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why  the  Tides  are  bigger  at  the  New  and  Full  Moons,  than  at  the 
Quarters,  is  eafilv  aflign’d,  namely,  the  Moon’s  being  at  her  Change 
and  Full  nearer  to  the  Earth  than  at  her  Quarters. 

Again  it  is  obferv’d,  that  as  the  Tides  at  the  Change  and  Full  of 
the  Moon  are  bigger  than  at  any  other  Time  of  the  Month,  fo  the 
Tides  at  the  Change  and  Full  of  the  Moon  about  the  Equinox, 
are  bigger  than  thole  at  any  other  Time  of  the  Year;  which  may  be 
accounted  for  by  the  Moon’s  being  then  over  the  middle  Part  of  the 
Ocean,  which  is  under  the  celeftial  Equator ; and  confcquently,  by 
its  Prelfure  thereon,  making  a greater  Quantity  of  Water  to  recede  to 
each  Side,  viz.  Northwards  and  Southwards,  than  when  fhe  prelfes 
on  one  Side  of  the  Equator,  and  fo  not  on  the  Middle  of  the  Ocean. 

It  remains  to  be  oblerv’d,  that  it  is  demonftrable  by  the  Principles 
of  Staticks,  that  the  Moon  does  caufe  the  Seas  to  fwell,  or,  in  one 
Word,  the  Tide  not  only  in  that  Part  of  the  Sea  which  lhe  is  over, 
but  alfo  in  the  Part  oppofite  thereto.  And  hence  it  comes  to  pals, 
that  there  be  two  Tides  every  twenty  five  Hours,  namely,  becaufe 
in  that  Time  the  Moon  going  from  any  Meridian,  returns  to  it  again  ; 
and  confequently  caufes  one  Tide  whilft  Ihe  is  in  the  upper  Hemi- 
fphere,  and  another  whilft  fhe  is  in  the  lower  Hemifphere. 

But  if  we  confider  the  Flowings  of  theTide,  and  proceed  to  account 
for  the  Courfe  of  it,  by  the  Rotation  of  the  Earth,  how  greatly  muft  fuch 
a Rotation  contribute  to  the  forcing  Water  through  the  Fiftures  and 
Chaims,  or,  in  other  Words,  through  the  Veins  and  Arteries  of  the 
Earth  ? 

And  here,  before  I end  this  Chapter,  it  will  not  be  improper  for 
me  to  take  a View  of  what  the  learned  and  inquifitive  Dr.  Woodward, 
in  his  Natural  Hiftory  of  the  Earth , Tart.  iii.  f.  131,  &c.  has  fet 
down,  in  relation  to  Springs ; for  though  his  Account  be  rather  phy- 
fical  than  mechanical,  depending  on  the  Doctrine  of  fubterraneous  or 
central  Fires , yet,  as  he  tells  us,  he  had  procured  the  Judgment  of 
all  thofe  Perfons  on  whofe  Fidelity  he  might  rely,  join’d  to  the  Ob- 
fervations  he  had  made  himfelf.  There  is  no  Doubt,  but  his  Enqui- 
ries are  juft  in  the  main,  though  he  may  not  account  for  the  Afcent 
or  Rile  of  Springs  in  the  Manner  they  require. 

In  the  firft  Place  he  proves,  “ That  there  is  a mighty  Colle&ion  of 
“ Water  in  the  Bowels  of  the  Earth,  conftituting  an  huge  Orb  in  the 
“ interior  or  central  Parts  of  it,  upon  the  Surface  of  which  the  ter- 
“ reftial  Strata  are  expanded;  that  this  is  the  fame  which  Mofes , (and 
“ I add  other  Writers,)  in  Holy  Writ,  calls  the  great  Deep,  and  the 
a antient  Poets  Erebus  and  Tartarus. 

I z 
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« Secondly,  That  the  Water  of  this  huge  Orb  communicates  with 
« that  of  the  Ocean,  by  Means  of  certain  Tubes  or  Chafms  pafe 
“ fmg  betwixt  it  and  the  Bottom  of  the  Ocean;  that  they  have  the 
« fame  common  Center,  round  which  the  Water  of  both  of  them  is 
“ compil’d  and  arrang’d ; but  in  fuch  a Manner,  that  the  ordinary 
“ Surface  of  that  Orb  is  not  level  with  that  of  the  Ocean,  nor  at  fo 
« great  a Diftance  from  the  Center  as  that  is,  it  being  for  the  moff 
“ part  refrain’d  and  deprefs’d  by  the  Strata  of  Earth  lying  upon  it ; 

« but  wherever  thofe  Strata  are  broken,  or  are  lb  lax  and  poreous,  that 
<c  Water  can  pervade  them,  there  the  Water  ol  the  laid  Orb  does 
« afcend,  filing  up  all  the  Fiffures  whereunto  it  can  get  Admiffion 
a or  Entrance,  faturiting  all  the  Interfaces  and  Pores  of  the  Earth, 

“ Stone,  or  other  Matter,  all  round  the  Globe,  quite  up  to  the  Le- 
« vel  of  the  Surface  of  the  Ocean.  . . 

tc  Thirdly,  That  there  is  a perpetual  and  inceflant  Circulation  of 
tt  Water  in  the  Atmofphere,  arifing  from  the  Globe,  in  Form  ot  Va- 
tt  pour,  and  falling  down  again  in  Rain,  Dew,  Hail,  and  Snow, 

« that  the  Quantity  of  Water  thus  rifing  and  falling  is  equal,  as 
tt  much  returning  back  in  Rain,  &c.  to  the  whole  terraqueous  Globe,  as 
« Was  exhaled  from  it  in  Vapours;  that  though  the  Water  thus  ri- 
te fmp.  and  falling,  be  certain  and  confant  as  to  the  whole,  yetitva- 
tt  rief  in  the  fevcral  Parts  of  the  Globe,  by  rcafon  that  the  Vapours 
« floating  in  the  Atmofphere,  fail  in  Clouds  from  Place  to  Place, 

<t  and  are  not  ref  ored  down  again  in  a perpendicular  Manner,  upon 
tt  the  fame  preclfe  Trad  of  Land,.  or  Sea,  or  both  together,  from 
tc  which  they  arofe,  but  any  other,  indifferently  ; fo  that  fome  Regi- 
tt  ons  receive  more  back  in  Rain,  than  they  fend  up  in  Vapours  ; as, 
tt  on  thc  contrary,  ethers  fend  up  more  in  Vapour,  than  they  receive 
tc  jn  Eain.  Nay,  the  very  fame  Region,  at  one  and  the  fame  Seafon, 
tc  lends  up  more  in  Vapours,  than  it  leceives  in  Rain;  and  at  another, 
tt  receives  more  Rain  than  it  lends  up  in  Vapouis.  But  the  Exceffes 
tt  Df  one  Region  and  Seafon  compenfating  the  Defects  of  the  others, 
tt  [he  Quantity  rifing  and  falling  upon  the  whole  Globe  is  equal, 
tt  however  different  it  may  be  in  the  feveral  Parts  of  it. 

tt  fourthly , That  the  Rain  which  falls  upon  the  Earth,  partly  ' 
<t  runs  off  into  Rivers,  and  thence  into  the  Sea,  and  partly  finks  down, 
tt  (though  not  very  deep,)  into  the  Earth,  infinuating  it  felf  into 
tt  fhe  Interftices  of  the  Sand,  Gravel,  or  other  Matter  of  the  exten- 
“ or  or  uppermoft  Strata,  whence  fome  of  it  paffes  on,  (L  fay,). into 
tt  i and-Springs,  Wells,  and  Grotoes,  and  f agnates  there,  till  ’tis  by 
tt  Degrees  exhaled  again  : Some  of  it  glides  into  the  perpendicular  In- 
a tervals  of  the  folid  Strata  ; where,  if  there  be  no  Out-let  or  Paffage 
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a to  the  Surface,  it  ftagnates  as  the  other  does ; but  if  there  be  fuch 
44  Out-lets,  ’tis  by  them  refunded  and  fent  forth,  (as  was  more  parti- 
44  cularly  explain'd  in  the  Account  relating  to  Sir  Thomas  TVillough- 
44  byh  Coal  Works  in  the  iaft  Chapter,)  though  but  rarely  with  the 
44  ordinary  Water  of  Springs  and  Rivers:  And  the  reft,  which,  by 
44  reafon  of  the  Compadtneis  of  the  terreftrial  Matter  underneath,  can- 
44  not  make  its  Way  to  Wells,  the  perpendicular  Fiffures,  or  the  like 
44  Exits,  only  faturites  the  uppermoft  Strata,  and  in  Time  remounts 
44  up  again  in  Vapour  into  the  Atmofphere. 

To  all  which  he  adds,  and  which  I place  by  Way  of  Corolla- 
ry, Firfi , “ That  though  Rains  do  thus  fall  into,  and  augment  Springs 
44  and  Rivers,  yet  neither  the  one  nor  the  other  do  derive  the  Water 
44  which  they  ordinarily  refund  from  Rains,  notwithftanding  what  ve- 
44  ry  many  learned  Men  have  believ’d. 

44  Nor  Secondly , That  Springs  and  Rivers  do  not  proceed  from 
44  Vapours  rais’d  out  of  the  Sea  by  the  Sun,  and  born  thence  by 
44  Winds  into  Mountains,  and  there  condens’d,  as  a modern  ingenious 
44  Writer  is  of  the  Opinion. 

44  And  Thirdly j That  the  before  mentioned  great  fubterraneous 
44  Magazine,  (with  its  Partner  the  Ocean,)  is  the  ftanding  Fund  and 
44  Promptuary  which  fupplies  Water  to  the  Surface  of  the  Earth,  as 
44  well  Springs  and  Rivers,  as  Vapours  and  Rain. 

44  Lajily , He  proceeds  toaffert,  That  there  is  a nearly  uniform  and 
44  conftant  Fire  or  Heat,  difleminated  through  the  whole  Body  of 
44  Earth,  and  elpecially  the  interior  Parts  of  it.  But  this  Account  is 
44  fo  interwoven  with  phyfical  Ideas,  that  it  will  be  too  tedious  to  in- 
44  fert  in  this  Place ; nor  can  I (I  mull  confcfs)  rightly  underftand 
44  it,  though  D efc arte s,  Rohault , and  others,  maintain  it  with  great 
44  Refblution.” 

But  before  we  draw  to  a Conclufion  of  this  long  and  laborious 
Enquiry  into  a Part  of  Nature  fo  ufeful  and  beneficial  to  Mankind, . 
as  this  is,  it  will  not  be  improper  to  take  a lhort  Survey  of  what  Au- 
thors have  faid  of  that  Deluge,  with  which  the  World  was  fo  re- 
markably deftroy’d,  and  from  whence  it  was  fuppos’d  that  thofe . 
Waters  were  deriv’d  : And  here  I think,  the  Contenders  for  the  Hy~ 
pothefes,  that  Rain,  &c.  was  the  only  Caufe  of  it,  are  at  a great 
Lofs. 

The  general  Account  that  we  find  of  it  in  Sacred  Writ,  is  taken 
from  Gene/is,  Cap.  vii.  n.  That  in  the  fix  hundredth  Tear  of  Noah’s 
Life , in  the  fecond  Month , the  feventeenth  Day  of  the  Month , the 
fame  Day , were  all  the  Fountains  of  the  great  Deep  (though  the 
3 Main- 
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Maintained  of  Rain  allow  us  none)  broken  up,  and  the  Windows  of 
Heaven  were  open’d . 

From  whence  feveral  Conjectures  have  arifen  ; fome  imagining, 
that  a Quantity  of  * Water  fufficient  to  make  fuch  a Deluge,  was 
created  upon  that  Occafion  ; and  when  the  Bufinefs  was  done,  all  dil- 
banded  again,  and  annihilated.  Others  fuppofe  a Converfion  of  Air 
and  Atmofphere  into  Water,  to  ierve  the  Turn.  Many  of  them 
were  for  fetching  down  I know  not  what  fuper-celeftial  Waters  for 
that  Purpofe.  And  Hefcartes  merrily  enough,  and  wide  enough 
from  the  Principles  of  Reafon,  fancied  (in  his  Trine.  Thief.  Lib.  iv.) 
that  the  World  at  that  Time  fell  all  to  Pieces,  and  fo  contracting  it- 
felf  (a  ftrange  Way  of  arguing)  into  a leffer  Room  than  it  original- 
ly had,  was  the  Reafon  that  a lefs  Quantity  of  Water  might  fur- 
round  and  encompafs  it,  with  more  to  the  fame  Purpofe,  all  equally 
wide  of  Truth,  and  the  Mind  of  the  Sacred  Writer. 

The  ingenious  Mr.  Ray , in  his  Treatife  of  the  Hijfolution  of  the 
World , fays,  p.  99.  “ That  this  Deluge  was  from  the  Centers  of  the 
<■<■  Earth  being  chang’d,  and  fet  nearer  to  the  Center  or  Middle  of 
a our  Continent ; whereupon  the  Atlantick  and  Tacifique  Oceans  mull 
“ needs  prefs  upon  the  lubterraneous  Abyfs,  and  fo,  by  Mediation 
a thereof,  force  the  Water  upwards,  and  at  laft  compel  it  to  run 
« out  at  thofe  wide  Mouths  and  Apertures  made  by  the  divine  Power 
a in  breaking  up  the  Fountains  of  the  Deep.’’  Which,  by-the-by,  is  a 
Confeffion  that  there  were  fuch  Paffages  then  made  and  form’d ; 
and  why  they  fhould  not  continue  ever  fince,  we  are  not  told. 
And  to  proceed  to  our  curious  Author,  (though  he  argued  much 
for  the  Derivation  of  Springs  from  Rain,  yet  he  was  without  any 
o-reat  Concern  for  the  Succefs  of  his  Hypothefis,  as  he  himfelf  tells 
us ,p.  1 01.)  And  in  the  Page  before  that  fays,  “ That  the  divine  Power 
« might  at  that  Time,  by  the  Inftrumentality,  of  fome  natural  Agent 
« to  us  at  prefent  unknown,  fo  deprefs  the  Surface  of  the  Ocean,  as 
“ to  force  the  Waters  of  the  Abyfs  through  the  forementioned  Chan- 
“ nels  and  Apertures,  and  fo  make  them  a partial  and  concurrent 
“ Caufe  of  the  Deluge.”  And  he  agrees  further,  “ That  there  are  fome- 
“ times  in  the  Courle  of  Nature,  extraordinary  Preifures  upon  the 
“ Surface  of  the  Sea,  which  force  the  Water  outwards  upon  the 
“ Shores  to  a great  Height  f which  is  (I  think)  as  good  as  granting 
what  we  have  been  long  explaining,  I mean,  as  to  the  Correfpondence 
and  Afcent  of  Water  from  fubterraneous  Gaufes. 

Dr. 


* For  the  llluftrathn  of  this,  fee  Part  iii.  p.  176.  of  Mr.  Woodward’*  Natural  Bilto- 
ry  of  the  Earth. 


of  Hydroflaticks  and  Hydraulicks.1  6 q 

Dr.  Burnet , in  his  Theory  of  the  Earth Lib . i.  Cap.  2.  consider- 
ing how  unfuccefsful  the  Attempts  of  thofe  who  were  gone  before 
him  had  proved,  and  haying  himfelf  alfo  employ’d  his  laft  and  ut- 
moft  Endeavours  to  find  out  Water  for  the  vulgar  Deluge,  he  pre- 
pares for  a Surrender,  and  fays,  “ That  to  find  out  Water  fufficient 
tc  for  this  Effe£t,  as  it  is  generally  underftood  and  explain’d,  is  im- 
“ poffible.”  Not  considering,  that  befides  the  Rains  which  then  fell, 
when  the  Windows  of  Heaven  were  open’d,  that  the  great  Abyfs 
alfo  furrender’d  its  Water;  and  though  it  might  rife  fifteen  Cubits 
high  above  the  Surface  of  the  Earth,  as  by  common  Tradition  it  is 
Suppos’d  to  do,  yet  that  there  might  be  Water  enough  for  Such  a Pur- 
pole,  is  evident  enough.  Nor  does  it  follow,  (if  there  were  fo  ma- 
ny Hills  as  there  are  now,)  but  that  the  Water  might  gulh  out  there, 
and  drown  all  the  lower  Valleys,  (to  which  Places  the  Inhabitants  of 
all  Ages  have  repair’d,  that  they  might  live  out  of  the  Winds  that 
reign’d  above:)  I fay,  fuch  a Deluge  is  not  inconfiftent  to  this  Rife 
of  Water,  which  I have  been  all  along  explaining,  but  rather  makes 
much  for  it:  And  that  thofe  Vents,  and  fuch  a Communication  and 
Correspondence  as  I have  been  all  along  maintaining,  might  have 
their  Enlargements,  if  not  firlt  Rife  from  thence,  is  not  improbable 
to  fuppofe. 

From  all  which,  and  a thouland  more  Reafons  that  might  be  pro- 
duc’d, it  is  evident,  that  all  perennial  Springs  may,  and  do  derive 
their  Source  from  the  Sea  and  Subterraneous  Caules,  &c. 


CHAP.  IV. 


Of  irregular  Springs;  and  the  Method  by  which  they  are  tranf- 
mitted  to  the  Surface  of  the  Earth , lofe  their  f aline  Pro- 
perties. 


HI  T H E RT  O we  have  discours’d  only  on  thofe  Springs  which 
are  regular  and  perennial,  or,  in  other  Words,  thofe  which  flow 
in  a regular  Manner,  and  without  any  Intermiflion  : But  there  are 
other  Queries  to  be  anfwer’d  in  the  Phenomenon  of  Springs,  which 
naturally  fall  in  this  Place,  namely,  How  it  comes  to  pafs,  that 
there  are  Sometimes  Salt  Springs,  which  lie  much  higher  than  the 
Superficies  of  the  Sea  itfelf  ? and  then,  Haw  it  comes  to  pafs  that 
Springs  do  not  run  fafter  and  Slower,  according. to  the  different  Height 
3 of 
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of  the  Cylinder  of  Sea-Water,  by  the  Ebbing  and  Flowing  of  the 

gea  p 

As  to  the  firft,  it  may  be  anfwered,  in  fhort,  that  the  Frelh-Water 
may  receive  again  a faline  Tinfture  near  the  Superficies  of  the  Earth, 
by  palTing  through  fome  Salt  Mines,  or  elfe  many  of  the  laline  1 ar- 
ticles of  the  Sea  may  be  kept  back,  though  not  all.  And  as  to  the 
lecond  Why  Springs  do  not  run  fafter  and  flower,  according  to  the 
varying  Height  of  the  Cylinder  of  Sea-Water,  by  the  Ebbing  and 
Flowing  of  the  Sea?  fince  the  Water  is  loweft  in  many  Springs  and 
Ponds,  at  the  fame  Time  it  is  higheft  in  the  Sea  or  River ; and  the 
Water  is  higheft  or  moft  flowing  in  the  Spring  or  Pond  . at  the  lime 
of  Low-Water  in  the  Sea  or  River ; as  alfo  why  the  Water  of  many 
Pools  or  Brooks  are  higheft  in  the  dry  Summer,  and  loweft  in  the 
Winter  rainy  Seafons  ? thefe  and  fome  other  irregular  Productions 

of  Springs,  I now  come  to  confider  of: 

The  firft  is  one  found  by  Dr.  Tlott  himfelf  in  the  Parilh  of  Whit- 
tington in  the  County  of  Stafford , near  a Place,  called  by  the  Name 

of  Haneermore-S lade y which,  as  this  learned  Author  relates,  (/.  14. 
of  his  Treatife  de  Origine  Fontium ,)  and  which  was  the  common 
Report  of  that  Country,  never  flow’d  but  upon  the  Approach  of 
fome  Scarcity  of  Corn;  but  at  other  moift  Seafons  when  it  might, 
or  ought  to  abound,  it  was  entirely  deftitute  of  Water;  fuch  was 
the  Year  1680.  though  there  had  been  near  a whole  Month  s Rain 
before  the  Time  he  obferv’d  it.  But  when  it  did  break  out,  (which 
wasfometimesfcarce  once  in  an  Age,)  it  fcarce  flow’d  above  thirty 
Perches;  but  forthwith  it  difappear’d  again,  and  was  luck  d up  and 

10  The ^ime  Thing  happens  in  a Place,  call’d  Jjhwood , in  the  Parilh 
of  Kins* s-Swinford,  near  Swindon  in  the  fame  County,  which  ows 
not  (according  to  common  Tradition)  unlefs  there  is  like  to  be  a 
fubfequent  Penury  of  Corn  ; but  when  it  does  flow,  it  is  with  as 
«reat<a  Noife,  as  the  rattling  and  clalhing  ol  Iron ; and  lo  terrible 
was  the  Sound  thereof,  that  they  report  fome  Thieves  that  harbour  d 
thereabouts  being  ftruck,  as  it  were,  with  the  Terror  of  a guilty  Con- 
feience  immediately  ran  away.  Not  unlike  to  this  is  a Well  in 
he  Peak  of  <Derby,  call’d  Wee  ding- IV ell , which,  as  the  ingenious 
Sifinhis  Wonders  of  the  Teak. , /.  x6.  tells  us,  bellow’d  out  a 
hoarfe  Sound,  which  it  does  at  fuch  uncertain  Periods  of  Time, 
that  it  is  difficult  to  affign  the  Day,  much  lefs  the  Hour  of  its  Flu- 
xion Of  the  Method  of  its  Flowing,  the  acute  Hobbes  of  Malmsbury 
who  was,  I think-,  Tutor  to  the  then  Marquis  of  Hartin^^^ 
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terwards  Duke  of  Devonshire,)  has  given  an  Account  in  his  Poem  on 
the  Wonders  of  the  ‘Peak. 

Fons  hie  temporibus  non  tollitur  {tit  mare)  cert  is 
ALJUbus  his  nuUam  prafigit  Ephemeris  horam. 

This  was  a Specimen  of  Hobbs's  Averfion  to  the  faid  Wells,  owing 
its  Affluence  to  the  Sea  ; but  the  ingenious  Cotton  foon  retorts  it  back 
again, 

Fertur  in  arva  mens  hie  femper  limpidus  Amniss 
Et  punis , nunquam  pluviis  hyemalibus  Auclus. 

De  Mirab.  Pecci.  Pag.  29, 

But  not  to  detain  my  Reader  too  long  with  Things  of  fo  little 
Moment,  the  famous  horary  Fountain  of  Lufus  in  France  (as 
related  by  Emanuel  Maignan , in  his  Perspective  of  Tholoufe  in  Gal- 
lia Narbonenfa,  Lib.  i.  Prop.  1.  Sec.  3.)  exactly  increafes  itfelf 
by  little  and  little,  yet  not  without  the  Noife  of  mighty  ruffling 
Waters;  and  by-and-by  flows  out  into  a large  River;  and  then  by  the 
fame  Degrees  it  rofe  fubfides  again ; and  at  laft  grows  quiet,  and 
quite  dry.  This,  Du  Bartas  fays,  continues  four  Months;  but  Gaf- 
fendus  fays,  only  three  ; and  that  it  breaks  forth  only  in  May.  ‘tune 
and  July.  ' ’ J * 

Natural  Hiftories  produce  an  infinite  Number  of  thefc  irre- 
gular Springs  ; but  that  which  Pliny  Junior , Lib.  4.  Epifi.  ult . 

1 elates  to  be  in  jfgro  L<077ienji y as  he  calls  it5  the  Country  of  Cotnci 
m France , which  is  three  Days  in  its  Increafe  and  Decreafc,  and 
GaJJenduSj  in  his  Ployjicks , Lib . iii.  cap.  7.  fays,  that  the  Niger , a River 
of  Africa, , and  the  Ganges , increafe  and  decreafe  in  certain  ftated  Sea- 
ions  ; and  the  fame  Gafendus  mentions  a Spring  in  Colic  Martienfe , 
as  he  calls  it,  which  flows  and  reflows  eight  Times  in  every  Hour! 
The  fame  Thing  happens  likewife  by  the  fmall  Village  of  Kilketl 
m Flintshire , who,  as  the  learned  Therret  in  his  Brin.  ver.  Nat „ 
Pag.  222.  flows  and  reflows  reciprocally  every  four  Hours  : To  this 
may  be  added  what  is  faid  of  the  great  River  Nile , which  begins  to 
decreafe  about  the  24th  of  September , and  fenfibly  diminiffles  till 
the  Beginning  of  May  following ; when  it  becomes  fo  languid  and 
fo  little,  that  it  feems  rather  to  be  ftagnate,  than  to  flow  at  all.  But 
in  June  and  July  it  begins  to  increafe  again,  and  fo  goes  on  till  a- 
bout  the  17th  of  September , according  to  their  (but  the  24th  of  the 

& fame 
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fame  Month,  according  to  our)  Calculation  ; at  which  Time  thofe 
Inundations  happen,  with  which  EEgypt  is  fo  wonderfully  enriched. 

A Full  and  particular  Account  of  this  Nile,  and  other  Rivers, 
we  have  from  Varennius , Lib.  i.  cProp.  xx.  Tage  249.  with  which 
other  Authors  alfo  agree,  which  beginning  its  Inundations  about 
the  17th  of  June , and  increafe  forty  Days  j and  the  fame  Time  a- 
o-ain  in  its  Decreafe,  covering  every  Thing  but  the  Hills  ; at  which 
Time  the  Cities  which  are  built  thereon  look  like  fo  many  Illands. 
And  all  this,  by  the  By,  happens,  tho'  there  are  few  or  no  Rains 

which  fall  in  all  that  Country.  . 

1 Shall  not  trouble  my  Reader  with  the  Account  which  Zeneca, 
who,  from  the  Opinions  of  the  Greek  Phyflcians,  wrote  a learned 
Treatife  concerning  Springs,  none  of  which,  as  Varrennius  oblerves, 
is  true  ; becaufe  in  thofe  Times  no  Body  went  out  of  Europe  to  thole 
Fountains,  becaufe  they  were  very  remote  from  Egypt  ; but  lately 
(as  fays  Varrennius)  the  Caufe  of  thofe  Inundations  are  explained, 
and  the  true  Caufe  found  out  by  the  T or  tuguefe, Dutch,  and  English, 
which  hold  Commerce  in  the  Kingdoms  of  Congo,  Angola,  Moromo- 
tapa  &c.  and  by  them  it  is  known,  that  the  Fountains  from  which 
the  Nile  proceeds,  is  the  great  Lake  Zair , fituate  on  the  Borders  of 
Africa,  between  the  eaftern  and  weftern  Shore,  under  the  10th  De- 
cree from  the  Equator,  Southward.  _ 

Adjoining  to  this  Lake  there  are  many  Ridges  ot  Mountains, 
which  from  their  Circularity,  are  called  Luna  Montes,  or  Moun- 
tains of  the  Moon  ; and  one  Ridge  they  call  Seth',  in  the  Middle 
of  which  Mountains  lies  this  Lake  : But  becaufe  thefe  Mountains 
are  turned  foutherly  from  the  Equator,  it  is  Winter  with  them  when 
it  is  Summer  with  us  ; but  being  but  a little  Way  diftant  from  the 
Equator,  they  perceive  no  Cold,  but  have  Rain  in  the  room  or 
Snow  conftantly  two  Hours  in  a Day,  before  and  after  Noon,  in  the 
Kingdom  of  Congo,  &c.  and  in  the  Mountains  which  join  to  thole 
Kingdoms,  it  rains  almoft  continually  at  that  1 ime  or  Year,  that  the 
Ridges  of  thofe  Mountains  look  as  if  they  reached  the  Clouds ; from 
which  the  Rains  running  down  in  great  Torrents,  flow  altogether  in- 
to the  Lake  Zair  ; and  from  thence  (but  by  what  Paffages  Varen- 
nius does  not  tell  us)  into  the  Current  of  the  Nile,  that  the  Cua- 
<ma  and  other  Rivers  which  flow  out  of  this  x.ake,  overflows  like- 
wife  but  not  in  fo  great  Plenty  : The  Zair  nevertheless  flows 
every  Year  at  thefe  Seafons,  as  the  Nile  does.  And  from  hence  is 
the  manifeft  Caufe  of  the  Inundation  of  the  Nile,  (to  wit,)  to  that 
great  Plenty  of  Water,  which  fall  from  thofe  Hills ; the  chief  Oc- 
cafion  of  which  is  owing  to  the  continual  Rains  that  fall  on  the 

aforementioned 
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aforementioned  Hills,  and  from  thence  run  down  into  that  Lake- 
which  Rains  happen  about  the  Middle  of  March  or  April,  be- 
caufe  from  the  4th  of  March  to  the  a 1 ft,  it  is  Autumn  with  them, 
and  then  thefe  Rains  begin  ; but  they  are  lefs  vehement  in  May , 
June , and  July , than  before  ; in  Auguft  and  September  they  are 
Itill  lefs,  and  in  September  they  ceafe  quite. 

But  let  not  the  Maintained  of  Rain  and  Vapours  from  hence  argue, 
that  the  Inundation  before  mentioned,  is  wholly  to  be  aferibed  to  their 
Hypothesis  : Thofe  who  are  on  the  other  Side  of  the  Queftion  always  al- 
low, that  the  Rains  which  are  lupped  up  by  the  Sun  fall  on  high  Hills, 
and  then  run  down  precipitately  into  Valleys  and  Rivers,  ' and 
from  thence  into  the  Sea  3 by  which  Circulation  it  is  that  the  Sea 
is  undoubtedly  maintained ; but  then  they  deny,  (and  that  with  great 
Reafon,)  that  thefe  Rains  fink  into  the  Crevices  of  the  Ground,  and 
conftitute  Springs. 

To  this  Account  of  the  Nile.,  may  be  added  thofe  which  flow 
out  of  the  Lake  Chiurny  into  the  Bay  of  Bengal , and  palling  through 
the  Kingdoms  of  Begu , Siam , and  other  Places,  flows  through  the 
Country  of  Siamenjis , called  Menan.  This  Inundation  happens  in 
September , October,  and  November ; at  which  Time  the  Fields  are 
cover'd  with  Water,  &c.  Another  is  called  the  Silver  River  in 
Brazil , which  flows  at  the  fame  Time  that  the  Nile  does. 

Another  is  the  River  Macon  in  Gamboice , which  overflows  in 
the  Summer  Months.  Another  is  the  River  Bar  ana ^ or  Barana- 
guafa , which  flows  in  the  fame  Manner  as  the  Nile  and  the  Sil- 
ver River  in  Brafil  does ; on  which  Account  fome  will  have  it  to  be 
the  very  Silver  River  itfelf. 

Others  there  are,  as  the  Euphrates,  which,  at  certain  Hated  Sea- 
fons  of  the  Year,  overflows  Mesopotamia;,  and  another  River  there  is 
in  Nimidia , called  Sus,  which  overflows  in  the  Winter;  and  all 
thefe  owe  their  Fluftuations  to  one  Caufe,  (to  wit,)  to  the  Abun- 
dance of  Rains,  Snows,  that  then  fall,  and  run  into  thefe  Lakes,  or 
Sea.  To  avoid  Prolixity,  the  River  * Bibar  a,  near  Baris  in  France , 
dwells  to  that  Degree,  fometimes  without  any  Rains,  at  leaft  not 
thofe  which  are  extraordinary  and  unufual,  (to  be  fure  by  high  Tides 
as  about  London , and  other  Places  it  does,)  that  it  lays  wafte  the 
adjacent  Suburbs  of  S.  Marcellus.  All  which  I give  in  Varen- 
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. *FIuviurs  Bibara  in  Dancia  prope Lutetiam,  aliquando  fine  ullis  Pluviis,  aut  certenoh 
ut  adjecente  fuburbio  S.  Marcelli  inferat  magnam  vaftitatem. 
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rennius's  own  Words,  becaufe  the  River  he  has  mentioned  is  not 
to  be  found  in  any  of  my  Dictionaries. 

But  to  Ihew  that  we  need  not  go  fo  far  for  Examples  of  this  Kind, 
there  are  Springs  of  our  own,  (as  the  learned  Cambden , and  after  him 
Speed , relates,)  which  obferve  an  irregular  Motion  ; one  whereof  is 
a Well  upon  the  River  Agmore  in  Glamorganshire , and  near  unto 
Newton  which  ebbs  and  flows  quite  contrary  to  the  Motion  of  the 
Sea,  being  almoft  empty  at  Full-Sea,  but  full  at  Low- Water;  which 
may  come,  as  that  curious  Obferver  Dr.  Hooke  oblerves,  ‘Page  27.  or 
Micographica , tells  us,  from  the  Bottom  of  a Sea  very  remote  from 
thofe  Parts,  and  where  the  Tides  are  much  differing  from  thofe  of 

the  approximate  Shores.  . 

But  to  proceed:  Another  Example  of  the  Irregularity  of  Springs  is 
found  near  theRiverZ-<?df?r,or  Lowther, in  W °Jhnorelandp\’h\ch  ebbs  and 
flows  many  Times  in  a Day : This  likewife,  fays  Dr.  Hooke , may  proceed 
from  its  being  fupply’d  by  many  Channels  coming  from  feveral  Parts  of 
the  Sea  lying  fufficiently  diftant  afunder,  to  have  the  Times  of  High- 
Water  ^differing  enough  from  one  another  ; fo  as  that  whenfoever  it 
Ihall  be  High-Water  over  any  of  thofe  Places  where  thefe  Channels 
begin  it  fhall  likewife  be  fo  in  the  Well.  All  Regularities,  as  well 
as  Irregularities  in  the  Fludtion  of  Springs,  may  (as  I faid  before) 
proceed  from  divers  Duds  coming  from  very  diftant  Parts  of  the 
Sea,  fo  as  that  it  may  be  in  one  Place  High,  in  another  Low-Water; 
and  fo,  by  that  Means,  the  Spring  may  be  equally  lupply  d at  all 
Times  • or  elfe  thol'c  Duds  may  be  fo  ftrait  or  narrow,  that  the  Wa- 
ter not’  having  fo  ready  and  free  a Paffage  through  it,  cannot,  upon 
fo  fhort  and  quick  a Mutation  of  Preffure,  be  able  to  produce  any 

fenflble  Effects  at  fuch  a Diftance..  . 

But  the  belt  Account  that  has  yet  been  given  of  this  Irregula- 
rity of  Springs,  is  that  which  the  learned  Hefagidters  in  the 
Tran  factions  of  the  Royal  Society  for  July,  Augujt , and  Septem- 
ber Anno  1714.  Numb.  384-  has  given  concerning  the  Lambourns 
Spring,  which  is  in  the  County  of  Berks  and  another  at  or  near 
Greenhive  in  the  County  of  Kent ; the  firft  of  which,  as  Dr.  Plott, , 
in  his  Treatife  de  Origine  Font ium.  Page  41.  fays,  was  communi- 
cated to  him  by  John  Hippejly  Efq;  a Neighbour  m that  Place, 
which  flo  ws  more  plentifully  in  the  Summer  than  in  the  Vv  inter  ; 
and  which  was  more  confiderable,  that  in  the  memorable  Di  ought, 
which  happened  in  the  Year  1681.  when  other  Rivers  were  almoft 
dried  up,  thefe  Springs  and  Rivulets  were  higher  than  even  they  ufed 
to  be  at  that  Time  of  the  Year  ; nor  did  they,  till  about  the  Mid- 
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die  of  September  (the  ufual  Time  of  their  Abatement)  fail:  When, 
neverthelefs,  a great  Quantity  of  Rain  had  fallen  before  that  Time, 
yet  there  could  not  be  found  fo  much  as  a Drop  of  Water  in  the 
Bowels  of  the  Earth  thereabouts,  till  towards  the  Middle  of  Fe- 
bruary. At  that  Time  the  Springs  began  to  How  again  as  ufual. 

But  to  proceed  with  our  learned  and  curious  Hyaroftatician,  he  ~ 
tells  us,  that  Hero  Alexandrinus , and  other  Hydraulick  Writers, 
have  defcribed  a Cup,  (called  a Tantalus  from  its  Effe&s,)  which 
will  hold  any  Liquor  very  well  when  it  is  not  filled  above  a certain 
Height  marked  in  the  Cup,  which  is  performed  by  a Syphon  con- 
cealed therein  to  make  the  Effed  the  more  furprizing. 

The  Cup  A B,  Fig.  6.  Tab.feq.  has  a vifible  Syphon  CED 
in  it,  the  Cup  Fig.  7.  has  its  Syphon  more  concealed,  as  it  is 
carried  up  into  the  Handle ; but  in  that  of  Fig.  VIII.  in  which  is 
the  Figure  of  a Man,  reprefenting  Tantalus  in  the  Fable,  who  was 
up  to  the  Chin  in  Water  yet  could  not  drink  ; where  the  whole  Sy- 
phon (tho’  now  laid  open  by  the  Se&ion)  might  be  concealed.  Any  of 
thofe  Cups,  fays  our  Author,  will  hold  Water  very  well,  provided  they 
are  not  filled  above  the  LineFG  • for  then  not  only  the  Liquor,  which 
is  above  F G,  will  run  out,  but  all  the  Liquor  in  the  Cup  as  low  as 
D,  the  Orifice  of  the  Ihort  Leg  of  the  Syphon. 

To  explain  this,  that  ingenious  Gentleman  has  produced  an  Expe- 
riment, Fig.  9.  ead.  Tab.  wherein  the  Veflel  abed  is  placed  an 
open  wooden  Box,  A B C D,  filled  with  Water  as  high  as  the 
Line  L M ; another  Box  or  Plug,  E F G H,  made  tight,  and  con- 
taining Weight  to  fink  it,  is  made  to  let  down  into  the  Water  between 
the  Partition  I K,  and  the  End  A B of  the  Box  above  mentioned  5 
but  when  it  is  not  to  prefs  the  Water  up  to  I,  (as  it  does  when  let 
down,)  it  is  drawn  out  of  the  Water  by  the  Weight  M,  which  pulls 
it  up  by  the  Bar  i k,  faftened  to  a Leaver,  moving  round  the  Cen- 
ter L. 

When,  by  Means  of  the  Plug  the  Water  in  the  Space  A B K I, 
is  pulhed  up  to  I O,  by  palling  under  K,  it  runs  out  through  the 
Spout  P Q_,  (whofe  Paffage  is  gauged  by  a little  Sluice  P p,)  and 
falls  into  the  Velfel  R S,  made  of  an  oblong  Figure,  like  a Filh-Pond, 
and  having  a Scyphon  at  S,  fo  as  to  make  it  a Tantalus , or  in  the 
Nature  of  the  Cups  above  mentioned. 

Let  the  Weight  M pull  up  the  Plug  E F G H,  and  the  Wa- 
ter having  filled  R S,  will  run  down  below  the  Orifice  P to  m. 

The  Tantalus  RS,  beginning  to  run  out  as  foon  as  full,  will,  for 
the  Reafons  above  given,  continue  to  run  out  till  it  is  all  emptied ; 
and  as  it  difeharges  itfelf  into  another  Tantalus  T V,  whofe  Scyphon 
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is  at  V.  this  lail  Tantalus , will  alio,  when  full,  begin  to  run  out,  and 
its  Water  go  down  to  x Y o. 

If  the  Plug  be  let  gradually  down,  as  foon  as  the  Water  begins  to 
run  out  of  the  lafc  Tantalus  T V,  (and  the  firft  Tantalus  R P be 
covered  fo  as  to  be  concealed  from  Sight,)  it  will  appear  to  the 
Lookers-on,  that  the  Cavity  T V,  reprefenting  a Pond  near  an  ebbing 
and  flowing  River,  as  there  is  credible  Information  there  is  one  at 
Greenhive  in  Kent,  between  London  and  Grave  fend,  always  riles 
whilft  the  Water  at  N O (or  the  Tide)  falls  to  LM;  and  always 
finks  whilft  the  Water  at  L M,  or  the  Tide  riles  at  O L. 

This  has  allb  been  the  Occafton  of  another  Experiment,  (Fig.  ix.) 
which  let  it  be  the  Water  in  the  Box,  ABC  D,  not  made  ufe  of,  only 
the  V elfel  Z be  filled  every  half  Hour,  it  will  empty  itfelf  in  the  Space 
of  aQuarter  of  an  Hour,  falling  like  Rain,  and  dropping  alio  through 
the  Leaden  Platform  e f into  the  hidden  Tantalus  R S,  which  will 
not  begin  to  run  till  this  artificial  Rain  is  over  : Then  in  a Quarter 
of  an  Hour  more  the  Tantalus  R S will  have  emptied  itfelf  into  the 
vifible  Tantalus  T V,  which  will  be  filling  all  the  Time  after  Z has 
done  running,  or  in  the  dry  Sealbn,)  and  as  loon  as  TV  is  full,  it  will 
begin  to  run  through  its  Syphon  V,  at  the  End  of  the  half  Hour, 
when  the  Veflel  Z,  or  Seive,  runs  again,  that  is,  at  the  Return  of  the 
Rainy  Sealbn. 

And  this  laft  Experiment  may  be  eafily  apply ’d  to  thofe  Ponds, 
or  thofe  Brooks,  that  are  high  in  dry  Weather,  and  low  in  wet;  of 
which  Kind  there  is  one  at  Lambourn  in  Berhfhire , as  there  is  credible 
Information  ; but  this,  I mult  own,  I have  not  feen. 

If  it  be  objedted,  that  fuch  Ponds  are  full  for  fome  Time,  which 
a Tantalus  cannot  be,  becaufe  it  begins  to  run  out  as  foon  as  full  ; 
that  may  be  eafily  folved,  by  fuppofing  the  hidden  Tantalus  (or  in- 
termediate Cavity  between  the  River  and  Pond,)  to  contain  more  Wa- 
ter than  the  vifible  one,  provided  it  does  not  contain  lo  much  as  not 
to  be  emptied  before  the  Return  of  the  Tide. 

The  fame  Solution  will  ferve  for  wet  and  dry  Seafons,  only  fup- 
pofing the  Cavities  larger. 

If  it  be  asked  where  the  Water  of  .the  vifible  Tantalus  near  a Ri- 
ver can  run  ; it  may  be  anfwcred,  That  all  this  may  happen,  tho’  the 
fecond  or  loweft  Tantalus  Ihould  have  its  Bottom  higher  than 
the  Low-Water  Mark  in  the  River.  And  for  the  Syphons 
which  are  of  a particular  Make  in  the  Cup,  though  fuch  be 
not  fuppofed  in  the  Earth,  yet  any  long  PalTage  rifing  in  the 
Middle  will  anfwer  the  End.  (See  Fig.  x.)  where  A B C D repre- 
sents the  Channel  of  a River,  A D the  High  Water,  and  G IT 
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the  Low-Water  Mark,  Z I a Palfage  from  the  River  to  the  Cavity 
I K L M N,  or  firft  or  hidden  Tantalus , LM  Q^,  the  Scyphon  of 
the  firft  Tantalus , running  into  the  fecond,  or  vifibie  Pond  O QJt  P, 
which  by  its  Syphon  R S V,  runs  out  into  low  Grounds  that  may 
be  above  the  Low-Water  Mark  G H,  and  the  Bottom  K L of  the 
firft  Tantalus  may  be  above  the  Top  of  the  laft,  whole  Level  is  the 
Line  W W. 

A B C D Y O QJI  PVH  is  the  Sedion  of  the  Surface  of  the 
Earth. 

The  Irregularity  of  Springs  being  thus  accounted  for,  it  may  not 
be  improper  in  the  next  Place  to  anfwer  fome  few  Objections  which 
have  been  brought  againft  the  Opinion  of  thofe  who  hold  their  Ori- 
ginal from  the  Sea,  I mean,  as  to  their  parting  fo  eafily  with  thole 
ialine  Particles  with  which  by  Nature  they  abound. 

Those  who  argue  againft  the  Derivation  of  Springs  from  the  Sea, 
and  would  afcribe  it  to  Rains,  Vapours,  &c.  are  very  eafily  perlwa- 
ded  to  believe  how  that  Separation  is  effected  in  the  fublimer  Regions 
of  the  Air,  in  which  they  agree,  that  Sea- Water,  exhaled,  by  the 
Power  of  the  Sun,  is  in  its  Sublimation  ftripped  of  all  its  faline  Par- 
ticles, not  only  fixed,  but  volatile,  before  it  can  or  does  defcend  again, 
in  Rain  • but  when  they  are,  I lay,  made  to  believe  how  eafy  this  is 
effedled,  (in  fublimoribus ,)  if  I may  ufe  the  Words  of  a learned  Phy- 
fician  on  this  Head , how  comes  it  to  pafs  that  they  can’t  conceive 
how  Nature,  who  is  regular  and  uniform  in  all  her  Proceedings, 
firould  not  effed  the  fame  below,  as  Ihe  does  above  ? 

Besides  all,  it  is,  indeed,  much  more  eafy  to  account  for  the  Me- 
thods by  which  it  is  done  within,  than  without  the  Surface  of  the 
Earth,  not  only  by  Percolation,  but  by  Evaporation.  Alfo  as  Arif- 
totle , with  whom  our  learned  Countryman  Lydiat , in  his  Tdifquijit. 
Thyjiolog.  de  Origine  Font  him.  Cap.  2.  in  initio , agrees  ; it  being 
an  abfurd  Thought,  that  the  fame  Effed  can’t  be  produced  in  the  ob- 
fcure  Paflages  of  the  Earth,  as  is  in  the  open  Spaces  of  the  Hea- 
vens, (to  wit,)  by  that  innate  Heat  which  labours  in  the  Bowels,  and 
caufes  a Reak  in  the  coldeft  Winter  Months,  and  ads,  perhaps,  in  a 
much  more  regular  and  uniform  Manner  than  the  Sun  does,  elpecially 
in  Winter,  when  Sublimations  are  more  rare,  and  Rains  moft  certain: 
For  the  effeding  of  which,  as  they  can  render  no  particular  Method, 
why  fliould  they,  by  Parity  of  Reafon,  exped  the  fame  from  us? 

But  if  we  confider  the  almoft  innumerable  Degrees  of  Percolation 
and  Evaporation,  which  Water  undergoes  in  its  Paflage  through  the 
Body  and  Pores  of  the  Earth,  in  four  or  five,  or,  perhaps,  fix  or  fe- 
yen  Thoufand  Miles  running,  how  many  of  its  grofs  Humours  mult 
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naturally  fubfide,  and  be  ftrained  off  in  the  Duds  and  Tubes  of  the 
Earth  ? how  gently  the  whole  Mafs  mull  be  rarified  by  that  fubterra- 
neous  Heat  ? which  is  fo  vifible  in  all  new-dug  (as  well  as  old)  Cel. 
lars  and  Vaults,  and  evaporated  and  carried  off  in  Lakes,  and  open 
Bodies  of  Water,  fo  great,  indeed,  that  a rational  Man  ought  not  to 
wonder  how  Sea- Water  fhall  be  thus  ftripped  of  its  priftine  Hu- 
mour. 

To  anfwer  another  Objedion  often  made  ufe  of,  namely,  how  comes 
it  to  pals,  that  thofe  fubterraneous  Duds,  through  which  the  aforefaid 
Percolations  are  made,  (if  Salt  be  endued  with  fuch  an  adherent 
Quality,)  are  not  filled  up  with  thofe  great  Quantities  of  Matter, 
which  muft  naturally  fubfide, 'or  adhere  thereto ; fince  the  Beginning  of 
Things,  and  long  ago  filled  up,  and  quite  obftruded. 

To  this  may  be  anfwered,  in  a few  Words,  That  it  is  in  the  firft 
Place  as  probable  that  the  faline  Particles  here  underftood  are  entire, 
ly  excluded  thofe  Tubes  and  Meanders,  it  having  been  before  no- 
ted, that  even  the  Bottom  of  Sea-Water,  is  much  fweeter  than  that  at 
Top  ; as  that  it  is  certain  in  the  next  Place,  that  the  Pores  and  Chan- 
nels of  the  Earth,  may  be  dilated  and  extended  thereby;  Sailors 
knowing,  from  fad  Experience,  in  a Scarcity  of  Frelh,  when  they  are 
obliged  to  filtre  their  Salt-Water  through  a Velfel  full  of  Sand  or 
Earth,  by  which  Means  it  will  be  at  firft  a little  fweeter ; yet  having 
repeated  thofe  Strainings  often,  the  Pores  of  the  Earth  will  be  fo  re- 
laxed, that  very  little  more  of  that  priftine  Unpleafantnels  will  flick 
thereto.  From  whence  it  is  certain,  that  thofe  Meanders,  which  have 
been  in  the  Ground  fince  the  Beginning  of  Things,  grow  larger  and 
larger,  rather  than  fill  up.  And  that  thofe  Humours  not  being  of  a 
terrene  Subftance,  either  evaporate  by  Heat,  or,  by  Way  of  Sudation, 
feparate  themfelves  from  that  which  is  Frelh,  and  perfpire  into  that 
mufcular  fpungy  Subftance  with  which  the  Earth  is  compofed,  ftill 
leaving  the  main  Arteries  and  Veins  thereof  open  and  at  full  Liber- 
ty, for  that  Conveyance  and  Afcent  of  Water  which  we  have  been  fo 
long  difeourfing  of. 

And  this  is  the  Reafon  that  Springs  (as  the  Right  Reverend  and 
Learned  Stillingfleet , in  his  Origin.  Sacr.  Lib.  iii.  Cap.  4.  rightly  ob- 
ierves)  are  not  everywhere,  and  without  Diftinction  found;  but  on- 
ly every  where  in  in  its  proper  Channels,  as  the  Blood  in  the  Veflels 
of  Animals : For  if  you  fqueeze  thole  Animals  in  thofe  Parts,  they 
will  immediately  emit  Blood  from  thence ; but  if  the  Lancet  happens 
amongft  the  mufcular  or  more  callous  Parts  of  the  Body,  where  no 
Blood  is  apt  to  follow  fuch  an  Incifion,  except  it  be  made  higher,  or 
in  another  Place. 
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In  like  Manner  you  may  dig  to  an  incredible  Depth  in  fome  Places 
before  you  can  fall  upon  Water;  and  in  another  Place,  fcarce  a 
Stone  s-throw  from  the  former,  you  may  find  it  plentiful  enough 
and  that  not  far  from  the  Superficies  of  the  Earth.  Of  this  many 
Examples  might  be  produced,  but  efpecially  one,  which  our  often 
quoted  laborious  Author  Tlott,  in  his  natural  Hiftory  of  Staffer d(hire 
mentions  to  be  at  Barlafton,  near  Newcajile  upon  Tine ; where  it  is 
remaikable,  that  in  the  South  Ifle  of  the  Church,  as  often  as  they 
have  Occafion  to  dig  any  Grave,  the  fame  is  immediately  filled  with 
Water,  though  it  is  covered  from  all  the  Rains  which  fall  from  above; 
but  if  you  dig  in  any  other  Part  of  the  Church,  or  in  the  Church- 
yard adjoining,  it  is  there  perfedly  dry.  And  even  fo  much  farther 
remarkable  was  it,  that  a Gentleman  of  the  Bagnal  Family  affined 
?U1  f^uthor  that  he  had  a Well  not  far  diftant  from  thence,  at 
leaft  fixty  fix  Foot  deep,  which  affordedb  ut  little  Water  in  the  Winter 
and  lcarce  any  in  the  Summer. 

But  there  is  in  that  County,  fays  the  fame  Author,  ano- 
ther inftance  that  more  plainly  demonftrates  the  Derivation  of  Foun- 
tain-Water through  the  Channels  and  Duds  of  the  Earth  (afcending 
up  therein  as  the  Blood  does  in  the  Veins  of  Animals,)  than  any  yet 
mentioned  ; and  which  the  moft  fagacious  and  learned  Gentleman, 
Walter  Chetwynd,  of  Ingejlre,  Efquire,  often  related  to  him  ; that  at 
what  Tune  foever  my  Lord  Afton  cleanfed  the  Ditches,  which  were 
in  the  Meadows  in  the  lubjeded  Plain  between  the  River  and  the 
1 own,  which  he  ufed  fometimes  to  do,  he  plainly  drew  off  the  inter- 
cepted  Water  by  that  Means ; which  could  not  in  the  leaft  happen, 
unlefs  the  Water  which  run  through  fuch  Duds  and  Channels  di- 
rectly from  the  Sovo,  (for  fo  he  calls  the  River,  I fuppofe,  there  run- 
ning,) and  was  to  be  carried  up  into  the  Town. 

. An°  ™w  we  hAve  a li£tIe  expatiated  on  what  was  in  the  Begin- 
ning of  this  Treatile  of  Springs  hinted  at,  I mean  the  Analogy  that 
naturally  occurs  between  the  Macrocofme  and  Microcofme  ; it  may 
not  be  amifs  to  draw  a fhort  Parallel  of  the  Methods  by  which  this 
great  Work  in  Nature  is  effefted. 

I Imagine  then  that  the  Sea  (which  is  fubjecl  to  the  Laws  of 
Gravitation,  and  the  Preffure  of  the  Moon  and  Atmofphere.  there-  ' 
on,  as_  has  been  before  demonftrated)  is  the  Fund  from  whence 
all  Springs  originally  proceed.  Now  as  the  Blood,  which  proceeds 
fioin  the  Body  by  the  Compreffion  and  Dilation  of  the  Heart,  (being 
the  Seat  from  which  Life  itfelf  has  its  Exiftence,)  diftributes  itfelf 
through  all  the  Duds  and  Veins  of  the  Body,  in  a due  and 
regular  Circulation ; fo  does  the  Sea  by  the  Gravitation  and  Compref- 
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fion  of  the  aforementioned  Powers,  force  on  the  Water  through  all 
the  Chafms  and  Duds  of  the  Earth,  receiving  it  again,  being  haften- 
ed  in  its  Journey,  and  incorporated  with  and  rarified  by  the  Spirits 
and  fubterraneous  Effluviums  it  meets  with  in  its  longPalfage  through 
it  • and  this  Circulation  and  Afcent  of  Water  through  the  Veins  and 
Ducts  of  the  Earth,  can’t  in  the  lead  be  wonder’d  at,  when  we  con- 
fider  the  Excellence  and  Power  of  that  great  Architect  who  firlt  framed 
the  World,  and  all  that  is  therein. 

If  we  take  a farther  View  of  this  Afcent  of  Springs,  and  compare 
them  to  the  Afcent  of  Sap  in  Trees,  which  does  not,  indeed,  according 
to  the  new  Hypothefis,  circulate,  but  afcend  as  the  Water  does  in  an 
artificial  Syphon,  perhaps,  by  the  Laws  o!  Rarefadion,  Filtration, 
Attraction.*  orPulfion,  how  admirable,  and  yet  how  plain  and  ealy 
is  it  from  them,  the  Fire-Engine,  and  other  hydraulick  Powers,  to  be 
accounted  for  ? awd  in  which  is  difeovered  the  violent  Elafticity  and 
Force  there  is  of  Steam,  Vapour,  Water,  or  any  other  Fluid,  when 
compreffed  or  crowded  into  a little  Room,  which  riles  from  the  Roots 
of  Plants  in  fine  Tubes  and  Velfels,  far  beyond  the  precife  Laws  of 
Hydroftaticks,  (which  do  not  admit  of  above  32  Foot,)  even  to  yo,  60, 
or  70  Foot  high,  or  more,  from  the  great  Force  proceeding 
from  the  Rarefadion  of  the  Juices  in  Plants,  effeded  by  the  Sun,  as 
the  fubterraneous  and  more  latent  Fleat  ol  encloled  Fires  are  laid  to  fa- 
cilitate the  Rife  of  Springs  in  the  Ground  ? , 

Auu  thus  having,  I think,  undeniably  proved,  that  Springs  (eipeciajly 
thole  which  are  in  England,  and  other  Parts  of  Europe)  do  not  oefic  e 
their  Caufes  from  Air,  Vapour,  nor  Rain,  but  rife  thro’  the  Earth  by  the 
Laws  of  Rarefadion,  Filtration,  Attradion,^c.  confirmed  by  almoft  an 
innumerable  Number  of  Examples  and  Experiments,  to  be  more 
plainly  deducible  from  fubterraneous,  than  other  Caufes  above  ; I 
finiffl  all  with  what  the  Scriptures,  thole  divine  Oracles  of  Reafon, 
have  delivered  on  this  important  Subjed,  which  as  aChriftian,  though 
an  unworthy  Member  of  that  Body,'  I affent  to  and  embrace,  learning 
from  Gen.  viii.  v.  2.  That  the  Fountains  alfo  of  the  Deep;  and  the' 
Windows  of  Heavenwere  ft  opt , and  the  Rain  from  Heaven  was  ftopt\ 
in  which  is  feen  a vifible  Diftindion  between  Springs  from  the  Deep, 
and  Rains.  Job  xxxviii.  Verfes  16.  Hafl  thou  entered  into  the 
Sprints  of  the  Sea , or  haft  thou  walked  in  Search  of  the  Depth  ? 
Amos  ix.  Verfe  6.  It  is  he  that  calleth  (or  as  it  is  in  the  Margin 
that  bundleth  up  the  Waters  of  the  Sea>  and  poureth  them  out  upon 
the  Face  of  the  Earth.  And  the  Septuagint  pofitively  renders  that 
Palfage  in  Genefis,  Cap.  ii.  Verfes  5,  6.  That  it  was  the  River 
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which  went  out  of  Eden , which  watered  the  Face  of  the  Earth  be- 
fore Rains  had  fallen^  though  our  Tranflation  lays  it  was  a Mift 
which  then  foie.  And  in  Ezekiel,  Chapter  xxxi.  Verfe  4.  they  ren- 
der it,  that  it  was  (as  Doctor  Plott  obferves)  the  Abyfs  which  fent 
out  JV ater  for  the  watering  of  Plants.  And  in  like  Manner,  Ge- 
nefis  yii.  Verfe  1 1.  it  is  faid,  That  in  that  Day  were  all  the  Foun- 
tains of  the  Deep  broken  up,  and  the  Windows , (or  as  it  is  in  the 
Margin,)  F'lood-Gates  of  Heaven  were  opened ; where  is  a mani- 

feft  Diftindb'on  between  the  two  Fountains  of  Rain  above,  and  Sea- 
Water  below.  And  in  Proverbs  viii.  Verfe  28.  he  faith,  God  has 
efablifhed  the  Clouds  above  • when  he  frengthened  the  Foundation  of 
the  2 ieep.  The  fame  alfo  may  be  found  Genefs  xxxxix.  Verfe  25. 
In  the  BleJJngs  which  Jacob  conferred  on  his  Son  Jofeph,  even  by 
the  Almighty , who  fall  blefs  thee  with  BleJJlngs  from  above , and  of 
the  Bleep  that  lieth  under.  And  of  this  Opinion  alfo  was  Plato  and 
Seneca , the  firft  in  his  Phaed.  Pag.  112.  and  the  laft  in  his  Nat.  Hifi. 
Lib.  iii.  Cap.  4,  5.  who  lay,  that  that  great  Conflux  of  Waters 
which  is  derived  from  the  Sea,  is  raifed  through  the  Syrtes,  Quick- 
fands,  or  Veins  of  the  Earth  from  fome  immenfe  deep  Place.  And 
this  Gulph,  fays  ‘Plato , into  which  when  all  Rivers  flow,  they  re- 
flow again.  And  in  Job.  xxviii.  Verfe  14.  The  Depth  faith 
it  is  not  in  me , and  the  Sea  faith  it  is  not  with  me  • all  which 
import,  that  there  is  a Communication  between  thole  two  Places  dis- 
tant from  Rain. 

I M u s t own  my  felf  fomewhat  concerned  at  the  Pains  which 
many  great  Men  have  taken  to  eradicate  this  ferious  and  fcriptural 
Truth  ; not  that  I think  the  Hills  and  Excrefcencies  of  the  Earth  are 
of  no  life  in  natural  Caufes,  or  a Blemilh  of  the  Creation,  as  many 
Atheills  and  Unthinking  would  believe:  TheWifdom  of  Providence 
is  fuch,  that  Hills  ate  placed  in  that  high  and  exalted  Manner  we 
fee  them,  that  whether  Springs  owe  their  Original  to  Rain,  Vapours, 
or  the  Sea,  they  are  neverthelcfs  fubfervient  to  the  great  End  which 
God  Almighty  firft  defigned  them:  Becaufe  from  thefe  it  is,  that 
Water  is  conveyed  with  more  Eafe  into  the  humble  Plains  below, 
than  it  would  otherwife  be.  And  that  whatever  Vapours,  &c.  may 
do,  which  fall  on  fomeHills  beyond  Sea,  and  run  down  with  fuch  Vio- 
lence, as  the  learned  Halley  fays,  thofe  of  the  Mountains  of  the 
Moon,  and  others  of  an  unknown  Name  in  Africa , (from  whence 
the  'Nile,  and  other  Rivers  proceeds,)  do,  yet  in  the  Regions 
we  inhabit;  it  is  plain  there  is  no  fuch  Thing,  at  leaft  fo  vifible, 
as  that  it  Ihould  make  us  fwerve  from  thofe  ferious  and  folid  Truths 
«f  the  Bible;  nor  that  we  may  not  conclude,  as  it  is  in  Eccl.  xi.  1 1. 
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That  all  Things  which  are  of  the  Earth , fall  turn  to  Earth  again  ; 
and  that  which  is  of  the  Waters , fall  return  again  into  the  Sea  • 
and  which  is  confirmed  by  one  of  the  greateft  Philofophers,  as  well 
as  Princes,  that  the  World  ever  produced ; who  tells  us,  Ecclef. 
Chapter  i.  Verfe  7.  That  all  Rivers  run  into  the  Sea , yet  the  Sea 
is  not  full ; unto  the  Place  from  whence  Rivers  come , thither  they 
return  : Thus  thofe  Springs  run  into  the  Rivers,  from  thence  into  the 
Sea,  and  then  run  back  and  prefs  themfelves  through  the  Earth  again, 
until  free  Leave  be  given  them  to  come  abroad,  or,  like  Hannibal  in 
the  Alps,  to  work  themfelves  a Way  through. 


CHAP.  Y. 

Of  the  Method  of  difcovering  and  fe arching  for  Springs  y their 
Specif  ck  Qualifications , and  the  like. 

AUTHORS  who  have  heretofore  wrote  of  the  Difcoyery 
and  Production  of  Springs,  have  attributed  it  to  divers  Caufes  ; 
lbmctimes  to  Earthquakes,  as  was  the  River  Ladon , between  Helis 
and  Magelenpolis : Some  fuppofe  it  to  be  to  fubterraneous  Fires, 
which  caufe  them  to  burft  out.  But  the  rnoft  remarkable  Method  in 
the  Difcovery  of  Springs,  is  as  Varennius  teftifies,  Lib.  T.  Prop.  21. 
fag  261.  from  a Swine  which  lay  down  and  wallowed  in  the  Lunen- 
burgh  Spring,  the  Hair  of  which,  when  the  Sun  arofe,  was  by  its 
drying  Quality,  fo  foon  incruftated  and  grown  dry,  that  the  Specta- 
tors faw  a whitifh  Colour  upon  him,  which  when  they  obferved  more 
curioufly,  they  faw  to  be  white  Salt;  which  caufedthem  to  haveRecourfe 
to  the  Fountain,  and  forthwith  they  difcovered  and  found  out  Springs, 
from  which  that  City  has  fince  obtained  all  its  Riches  and  Splendor : And 
ever  fince  that,  a Quadriparte-dryM  Hog  has  been  kept  in  Lu- 
veuburgh , where  the  Parts  hang  upon  a Beam,  fo  wafted  by  Time, 
that  there  remains  nothing  to  be  feen  but  the  Hide. 

But  to  come  nearer  my  Defign  : The  fame  Varennius j in  his 
Geograph.  General.  Lib.  I.  Prop.  23.  Cap.  2 6z.  of  the  Elziver  Edi- 
tion, tells  us  from  Vitruvius , Lib.  VIII.  Cap.  1.  from  whence  al- 
fo  Pliny  and  Palladius  have  taken  their  Account,  which  Bejfonus 
has  alfo  added  in  the  third  Edition,  printed  Anno  1569.  That  if 
Fountains  do  not  flow  of  their  own  Accord,  their  Heads  are  to  be 
fought  for  under  Ground,  and  fo  collefted  together.  Which  Springs  may 
be  difeoyered  in  the  following  Manner : If  you  lay  down  on  the 
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Ground  before  the  Sun  rifes  on  Places  where  you  would  feek  for 
them,  and  having  plac’d  your  Chin  as  dole  as  you  can,  till  it  is,  as 
it  were,  propp’d  by  the  Earth,  fo  that  the  Country  thereabouts  may 
be  plainly  feen ; for  by  this  Pofition  the  Sight  won’t  wander  any 
higher  than  it  ought:  If  you  keep  your  Chin  unmov’d,  it  will  give 
a certain  Definition  and  true  Level  of  the  Parts  where  you  are  pla- 
ced, and  in  thole  Places  where  you  fee  Vapours  gathering  themfelves 
together,  and  rifing  up  into  the  Air,  there  you  may  dig;  for  this 
Sign  never  happens  in  a dry  Place.  Thofe  therefore  who  feek  for 
Water,  fhould  firfi:  confider  what  the  Places  are  in  which  Water  is  to 
be  found.  In  the  following  Places  Springs  are  certain  and  good  : In 
Chalk  (laysfome)it  is  fine,  but  rifes  not  very  high,  but  (whatever  the 
Antients  thought  of  it)  it  is  the  bell  W ater  of  all.  In  Sandy  Gravel  alfo  it 
is  fine ; but  it  it  is  found  in  low  Places,  (thefe  are  generally  Rain- 
Springs,)  and  then  it  will  be  muddy,  and  unfavoury ; but  in  black  Soils 
there  are  fine  thin  Diftillations  found,  which  are  colle&ed,  as  they  lub- 
fide,  from  Winters  Rains  in  clayey  Grounds,  and  thofe  have  the  beft  of 
Taftes : In  Ground  which  is  a clear  Gravel,  Springs  abound  but 
little,  and  the  Veins  are  not  certain  ; but  thofe  are  extraordinary  fweet. 
In  large  pebelly  Gravel,  and  in  Sand,  Stone,  or  loofe  Veins  of  Coal, 
they  are  more  liable  and  certain ; and  thefe  have  all  a good  Talle. 
They  are  Plenty  alfo  in  red  Stone,  and  good  if  they  don’t  flip  away, 
and  run  off  through  the  Interventions  thereof.  They  flow  plentifully 
alfo  under  the  Foot  of  Mountains,  and  in  lion y Places;  thefe  are 
very  cold,  but  very  healthy:  But  the  Water  which  is  found  incharn- 
pagnious  open  Places  (fuch  is  the  Water  in  all  llagnated  Ponds)  is 
thick,  betwixt  hot  and  cold,  and  not  lweet,  unlefs  it  be  that  which 
fprings  out  of  the  Bottoms  of  Mountains,  and  takes  its  Courfe  into 
the  Middle  of  large  Plains  : And  where  they  are  lhaded  with  the 
Covering  of  Trees,  there  they  excel  the  Sweetnels  of  Mountain 
Springs. 

Many  other  are  the  Signs  where  good  Springs  (according  to  the 
Antients,  eipecially  * Coronarius)  are  found  ; who  have  intimated,  that 
wherever  the  Twig  Withy,  Fleabane,  Reeds,  Trefoil,  Pond-Grafs;  and 
the  Bull-Rufh  grow,  in  great  Plenty,  ^tis  there  you  may  moll  proba- 
bly find  Water  ; but  Water,  fays  the  fame  Author,  is  to  be  found 
more  conllantly  by  the  following  Experiment. 

Wherever  you  are  defirous  of  finding  it  with  Certainty,  there 
mull  a Ditch  be  made  of  three  Foot  deep,  and  taking  a leaden  Veflel, 
or  earthen  Pot,  made  in  the  Form  of  a Semicircle,  at  Sunfet  rub 
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it  over  with  Oil;  then  prepare  a Piece  of  Wool,  half  a Foot  long, 
and  wafhing  it  very  carefully,  and  drying  it  afterwards,  you  are  to  bind 
on  a fnall  Stone  in  the  Middle  of  it,  and  fix  it  in  the  Middle  of  the  Pot  or 
VefiTel  with  Wax:  Then  turn  the  Mouth  of  the  Pot  downwards  in 
the  Trench  you  have  thus  caus’d  to  be  dug,  taking  a parti- 
cular Care,  that  after  it  is  fo  turn’d  the  Wool  may  hang  down  in 
the  Middle  of  theVeflel ; which  done,  you  mull:  cover  your  VefiTel  with 
Earth  a Foot  thick,  and  keeping  it  fo  all  Night.  Uncover  it  in  the 
Morning,  before  the  Sun  rifes;  and  if  there  be  Water  in  the  Place, 
you  will  perceive  the  Pot  to  have  fmall  dewy  Drops  hanging  on  its 
Bottom,  and  the  Wool  to  be  wet. 

If  the  Wool  be  very  full  of  Water,  and  the  Drops  hanging  on  the 
Pot  be  very  large,  you  may  conclude  you  are  not  very  far  from  the 
Spring ; but  if  it  be  only  moift,  though  there  be  a Spring  in  that 
Place,  yet  it  lies  very  low,  and  not  to  be  come  at  without  a great 
Expence,  and  much  Difficulty ; but  if  none  of  thele  Symptoms  ap- 
pear, you  mull  make  the  Experiment  in  another  Place. 

There  are  other  Methods  by  which  Water  may  be  difeover’d;  as 
by  obferving  the  Nature  of  the  Soil.  If  it  be  a black  fat  Soil,  and 
abound  with  Pebbles  of  a black  or  yellowife  Colour,  there  you  need 
not  fear  the  Want  of  Water;  the  fame  may  be  faid,  if  the  Soil  be 
glutinous  or  clayey ; and  alfo  by  the  natural  Produce  of  it,  (as  before,) 
you  may  difeover  where  Springs  are,  as  where  Water-Plantain,  the 
Sun-Flower,  Reed-Grafs,  or  Oxbane,  Brambles,  or  Shavegrafs,  Cala- 
mint,  Mat-Rufhes,  Maidenhair,  Melilot,  Sower  Sorrel,  or  Ditch- 
Dock,  Cinquefoil,  Blood  wort,  Nightffiade,  Water  Millfoil,  Colts- 
foot, grow ; and  where  they  grow  in  greateft  Abundance,  there  you 
will  find  the  largeft  Springs. 

To  this  may  be  added  what  Mr.  Bradley , in  Numb.  I.  of  one  of 
his  late  Mifcellany  Bayers  obferves,  from  his  ingenious  Friend  Charles 
du  Bois  Efq;  of  the  Stellaria  Aquatic  a & Saxifraga  aurea ; which 
whether  certain  Tokens  of  Springs,  a little  Practice  may  determine. 

Now  as  to  Soils;  t'nofe  which  are  black  and  deep,  produce  (as  al- 
ready noted  from  Vitruvius , Bliny , and  others)  the  moft  durable 
and  ftrongeft  Waters ; thole  which  are  moft  clayey,  are  the  wateri- 
eft,  and  the  W aters  are  the  fweeteft  ; though  in  England  we  general- 
ly  fuppofe,  that  our  Chalks  produce  the  fineft  Water,  as  do  many  of 
our  fine  Sands  that  which  is  admirable,  as  I have  often  obfervki  at 
Spy-Back , near  Sandy- Lane , the  Seat  of  the  Boyntons , on  the  Road 
£0  the  Bath,  where  there  is  fome  of  the  fineft  fweeteft  Water  in  the 
World,  and  on  a fine  light  Sand,  as  may  be  obferv’d  by  thofe  that  pafs 
.that  Way.  To  proceed  with  the  Antients ; 
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Those  Waters  that  lie  deepeft  are  the  fweeteft  and  moft  durable) 
for  thole  which  are  found  near  the  Surface,  moft  commonly  proceed 
from  Rain,  and  ceafe  with  their  Caufe  : Wherefore  it  is  neceffary  to 
dig  deep,  till  you  come  to  the  very  Fountain-Head,  and  there  you 
need  not  doubt  of  its  being  lafting  and  flowing  continually,  though 
there  are,  indeed,  fome  Springs  that  lie  within  eight  or  ten  Foot  of 
the  Surface,  that  are  as  durable  as  any  of  thofe  that  lie  twenty  or 
thirty  Fathom,  and  that  in  Countries  where  no  River  appears  ; but 
this  is  not  fo  frequently  to  be  met  with,  unlefs  it  is  where  Rivers  do 
abound,  which  do,  in  a particular  Manner,  influence  thofe  Wells  that 
lie  near  them. 

Some  there  are  that  try  the  following  Experiment  to  find  Water  : 
They  dig  a Ditch  a Foot  broad,  and  three  Foot  deep,  and  about 
Noon  hang  a dry  Sponge  in  the  Middle  thereof  for  three  Hours,  co- 
vering it  clofe  with  great  Reeds,  and  if  the  Sponge,  when 
taken  thence  is  wet,  they  proceed  to  dig,  affuring  themfelves  of 
W ater  ; but  if  it  be  dry,  it  is  in  vain  to  dig  or  fearch  for  it.  Corral , 
fays  our  aforenamed  Author,  pounded  and  caft  into  Water  corrects 
the  Bitternels  of  it,  and  a Bag  of  Barley  thrown  into  it  has  the  fame 
Effedf. 

Vitruvius , Lib.  x.  Cap.  6.  fays,  that  the  Antients  made  feveral 
Confervatories,  out  of  which  the  Water  paffed  (as  may  be  fuppofed) 
very  leifurely  one  into  another,  referving  the  laft  for  that  out  of  which 
the  Water  was  to  be  taken  for  ufe,  and  the  others  were  for  the  Se- 
diment which  is  in  Water,  particularly  thofe  that  are  a little  muddy  : 
They  like  wife  put  Salt  into  their  Water  to  make  it  more  fubtle. 

'Democritus , another  Author  of  great  Antiquity  and  Experience, 
as  the  aforementioned  Coronarius , in  his  Writing  concerning  Agri- 
culture, Lib.  ii.  Cap.  <5.  Lag.  29,  has  it,  affures  us,  that  thofe  who 
have  taken  their  Oblervations  from  the  Hydrophanticks,  or  Difcoverers 
of  Water,  aver,  that  Flats  or  extenfive  Plains,  are  commonly  moft 
deftitute  of  Water,  as  rifing  Grounds  feldom  fail  of  abounding 
therewith  ; and  thofe  Eminencies  that  arc  the  moft  fhaded  with  Trees, 
have  generally  the  greateft  Share  thereof ; and  it  is  obferveable,  that 
thofe  Waters  which  are  found  in  Plains,  are  moft  commonly,  brac- 
kilh  ; whereas  thofe  that  are  difcovered  in  an  Eminence  are  general- 
ly fweet,  except  they  are  changed  by  fome  accidental  Caufe,  as  Salt, 
Nitre,  Allum,  Sulphur,  or  the  like. 

The  natural  Caufe  of  the  aforegoing  Effects  may  be  thus  afligned, 
viz,,  that  the  Sun  always  attra&s  the  fmalleft  and  lighted:  Particles, 
out  of  the  Water,  and  leayes  the  groffeft  fubfiding  ; wherefore  the 
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Sun  lying  all  Day  long  upon  the  Plains,  (and  the  Water  being  by 
its  natural  Level  the  lefs  moving,)  exhales  the  Moifture,  and  difolves 
it  into  Vapour.  From  whence  it  follows,  that  fome  Plains  are  almoft 
deftitute  of  Water  in  the  hot  Summer  Months  ; and  the  fmall  Quan- 
tity which  remains,  is  fait  and  unpleafant  to  the  Tafte,  the  fweet  and 
light  Particles  being  drawn  off  from  thofe  that  are  more  grofs  and 
unpleafant  ; and  to  this  may  be  afhgned  (fays  my  ingenious  Author) 
the  faline  Quality  of  the  Sea  : But  the  Sun  fhining  only  obliquely 
on  the  Sides,  and  Verticities  of  Hills,  and  the  Cadence  Motion  or 
Fall  of  Water  (call  it  which  you  will)  being  more  precipitate  from 
Hills  and  riling  Grounds,  than  from  all  low  Levels  and  humble 
Plains,  the  Sun  has  not  the  fame  Influence  on  the  firft,  as  on  the 
laft,  and,  confequently,  the  Water  is  not  only  the  more  plentiful, 
but  alfo  more  pleafant  , and  it  is  obfervable  that  thofe  Hills  that  are 
iituate  towards  the  North,  abound  with  more  Plenty  of  Water  than 
thofe  that  are  Iituate  towards  the  South ; and  thofe  that  are  fhaded 
with  Woods,  than  thofe  which  are  naked. 

To  conclude  this  Account  ; CaJJiodorus , and  others,  (as  the  in- 
genious Author  of  the  Theory  and  ‘Practice  of  Gardening  has  it,)  fet 
down,  that  wherever  you  candilcover  Swarms  of  fmall  Flies  hovering 
and  pitching  about  one  and  the  fame  Place,  that  they  are  certain 
Signs  that  Water  is  there. 

From  this  View  into  the  Records  of  Antiquity,  we  fee  what  the  An- 
tients  have  faid  concerning  the  Method  of  Difcovering  of  Water, 
moft  of  which  is  agreeable  to  the  Obfervations  of  modern  Practitioners. 
The  feveral  Kinds  of  Weeds,  in  this  Chapter  before  recited,  are  cer- 
tain Indications  that  Water,  (if  it  does  not  break  out,)  is  near  at 
Hand  : And  to  this  may  be  added,  that  thofe  Kinds  of  Herbs  grow 
on  moory  black  Land  on  the  Sides  of  Hills,  and  where  the  Ground 
is  mix’d  with  Pebbly  Gravel  or  Rock,  that  is  of  a dusky,  brown,  fan- 
dy  Colour.  But  there  is  not  a more  certain  Sign  of  Water  in  the 
World  than  where  Alder- Wood  grows  naturally,  and  of  its  own 
Accord  : Nor  does  the  Oak  difdain  to  be  an  Inhabitant  of  thofe 
moift  Hills,  there  being  (befidcs  Obfervations  of  that  Kind  made 
in  other  Places)  an  Oak  in  Spy-Park,  before  named,  through  the 
Roots  of  which  there  iffues  out  at  leaft  200  Hogfheads  of  Water 
in  a Day  ; and  there  are  in  that  beautiful,  (though  now  forlorn 
Place,)  at’leaft  thirty  or  forty  of  fuch  Springs,  befides  innumerable 
..others  that  lie  without  it. 
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After  this  lb  particular  and  fuccind  an  Account  of  the  ancienc 
and  modem  Obfervations  for  the  Difcovery  of  Springs,  their  Situation* 
it  will  be  requifite  that  we  proceed  to  the  Operation  it  felf,  fuch 
as  is  founded  not  only  on  Speculation,  but  on  the  undoubted ’ Force 
of  Fad  and  Pradice. 

Those  who  have  been  converfant  in  Mines  and  Cole- Works  obferve 
that  there  are  (as  I think  is  before  Rightly  intimated)  two  Sorts  of 
Springs  ; thofe  that  lie  near  the  Surface,  and  are  fuppos’d  to  proceed 
entirely  from  Rain  ; and  thole  that  lie  deeper,  which  proceed  from 
a much  more  remote  Caufe.  It  would  then  be  dangerous  in  the  firft 
of  thele  Cafes,  to  dig  deeper  than  the  Surface  where  they  ’firft  appear 
leaf!  they  Ihould  take  a wrong  Current,  and  inftead  of  breaking  out 
Sideways,  fink  beneath  their  Caufe,  and  be  loft  in  the  Crannies  and 
Openings  of  fuch  Rocks  of  Stone  and  Gravel  as  lie  contiguous  thereto  • 
but  thole  are  either  ftronger  or  weaker,  as  they  happen  to  locfee  or 
fill  on  Earths  that  are  in  their  Nature  more  or  lei's  glutinous  and 
clayey,  and  confequently  tenacious  of  Water;  or  are  otherwife  of  a 
more  arenacious,  gravelly,  fandy,  or  of  a drying  Chalk  and  whitilh 
Earth,  or,  which  is  very  common,  of  a flinty  or  hollow  Subftance ; for 
contrary  to. the  Opinion  of  feme,  otherwife  very  ingenious  and  good 
Reafoners  in  a Clofet,  or  in  Books,  ftis  to  one  or  more  of  thefe  Cau- 
fes,  and  thefe  only,  that  Springs  abound  more  or  lefs  in  any  Coun- 
try whatfoever.  And  thefe  uppermoft  Springs  you  muft  feek  after 
with  Caution;  but  thofe  that  lie  lower  you  need  not  fear  of  injuring 
as  the  many  deep  Wells  lately  made  in  feyeral  barren  Places  of  Eng- 
land. are  a fure  Teftimony.  & 

When  you  have  pitch'd  upon  a Place  that  is  proper  to  bore  for 
Water,  by  feme  one  or  more  of  the  Signs  I have  laid  down  be  pro- 
vided with  a large  Augar,  that  may  be  grafted  at  every  five  or  fix 
Foot;  and  having  made  a round  or  fquare  Hole  on  the  Top  of  the 
Ground  where  you  intend  to  bore,  about  three  or  fourFoot  wide  or  more 
to  give  Room  for  your  Workmen  to  make  their  Experiment  the  bet- 
ter, you  are  to  proceed  ; and  when  you  have  bored  one  Length  of 
your  Augar  of  four  or  five  Foot,  as  aforefaid,  then  graft  on  another 
Length,  and  fo  on,  till  you  come  down  to  the  Water,  every  now 
and  then  pulling  out  your  Augar,  and  cleanfing  of  it,  to  fee  what 
Soil  you  bore  through. 

. But  of  th.cfe  Kind  of  Augars,  and  the  Way  and  Method  of  bo- 
nng  you  will  be  better  inform’d  at  the  Cole-Works  of  Durham 
as  NewcaJUe , Sunderland , &c.  in  the  North,  and  at  the  Cole- Works’ 
m Tork  and  Lancashire-,  as  alfo  at  thofe  of  Mendipp  in  SomerfetfJjire , 
where  both  Lead  and  Coal  are  dug ; as  alfe  in T>erhyjhire7and  elfewhere! 
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I SHALL  finifti  this  Chapter  when  I have  given,  befides  an  Obferva- 
tion  or  two  about  Wells,  an  Account  which  has  been  related  to  me 
with  much  Serioufnefs  ; and  that  was  in  Spain,  when  the  Confederate 
Armies  were  there  in  the  laft  Wars.  When  they  wanted  Water  on 
their  March,  or  otherwife,  they  dug  down  fuch  a Pit  as  I have  been 
before  deferibing,  and  with  the  Muzzles  of  their  Muskets  have 
fired  four  or  five  Times  down  into  the  Ground,  which  has  cauled 
the  Water  to  boiL  up  immediately  for  their  prefent  Ufe..  But  I much 
doubt  of  fuch  Succefs  with  us  here  in  England , especially  in  all  up- 
land and  champian  Ground,  where  alone  Water  is  wanted. 

Before  I conclude  this  Chapter  it  may  not  be  improper  to  make 
a Ihort  Enquiry  into  the  Nature  and  Goodnefs  of  Water.  . 

VARENNIVS , in  his  general  Account  of  the  Properties,  of  Wa- 
ter (Cap.  xvii.  ‘Prop,  i.)  lays  it  down  as  an  undoubted  Maxim,  that 
there  is  no  Water  pure  and  elementary,  but  contains,  or  has  mix  d 
with  it,  fmall  Particles  of  Matter,  (fuch  as  are  found  in  all  terreftrial 
Todies  S which  (fays  he)  is  prov’d  from  the  Difference  there  is  in 
their  Tafte,  as  well  as  from  Diftillation  itfelf.  And  fo  all  Phyfi- 
cians  agree, ’that  Water  which  is  fimple  and  unmix’d,  has  no  Existence 
in  Nature;  the  Caufe  of  which  is  the  various  and  perpetual  Agitation 
of  the  Particles  of  Matter  of  which  all  Bodies  are  compofed.  Mi- 
neral Waters  in  particular  (fays  he)  receive  their  fpirituous  Particles 
from  the  Mixture  of  thofe  which  are  hetereogenous  or  different 
from  them;  but  Rains,  and  Air  it  felf,  touching  or  pr  effing  upon  Wa- 
ter are  compos’d  of  Particles  very  many  and  different  from  each 
other-  from  whence  he  infers,  by  way  of  Corollary,  that  all  Waters 
are  compos’d  of  Particles  of  a different  Nature  which  are  mix’d  with 
them.  And  that  I may  explain  him  the  better,  I add,  thofe  that  are 
beft  for  Plants  with  fuch  Particles  as  are  nitrous  and  earthy,  and 
which  may  be  appropriated  to  all  the  general  Purpofes  of  Life,  and 
thofe  which  are  more  fpirituous  and  Phyfical  (being  impregnated 
with  Sulphur  and  the  like)  to  all  extraordinary  Cafes,  fuch  as  acute 

Pains,  Aches,  and  the  like.  „ 

But  I need  not  enlarge  on  the  Intermixture  or  different  Pro- 
perties of  Water,  fince  that  (efpecially  as  it  refpeefs  Vegetation)  is  fo 
excellently  well  done  by  the  learned  Dr.  Woodward,  v\  an  Effay  of 
his  publilh’d  in  the  TranfaPlions  of  the  Royal  Society,  as  well  as 
to  the  curious  Examen  of  the  learned  Boyle , and  others,  to  which  I 
refer  my  Reader.  To  proceed  then  to  the  different  Denominations 
of  this  great  Part  of  Nature. 
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Spirituous  Waters  are  chiefly  call’d  volatile,  and  are  found  in  Mi- 
nerals, but  yet  contain  fome  fix’d  Particles;  but  befides  them  there 
are  no  notable  Properties  that  may  be  extracted  or  drawn  from  them. 
From  whence  he  concludes,  that  all  watry  Bodies  take  their  Denomi- 
nation from  thefe  two  Properties,  (viz.)  fix’d  or  folid,  volatile  or 
fpirituous;  and  thefe  contain  all  of  them  Particles  of  a mineral  Na- 
ture. 

But  to  omit  Minerals,  and  to  proceed  to  thofe  Properties  which  are  the 
molt  elfential  to  the  common  Purpofes  of  Life  ; the  fame  ingenious 
Author,  Cap.  XVI.  Vrop , 24.  of  theaforementionedTreatife,  as  he  has 
it  from  Vitruvius , that  thofe  Waters  which  flow  fwiftly,  and  in  an  open 
Stream,  are  the  beft;  that  it  ftiould  be  minded  whether  the  Men  which 
liv’d  near  thofe  Fountains,  were  ftrong  and  lufty ; and  if  they  were  of 
a Soldier’s  Mien,  of  a clear  Complexion,  not  Bandy-Legg’d,  norBlear- 
Ey’d,  thofe  Waters  were  the  moft  to  be  approv’d  of. 

Also  if  the  Fountains  were  new  dug,  and  the  Water 
fprinkled  on  a Corinthian , or  any  other  Veffel  made  of  good  Brafs 
if  it  left  no  Spots  upon  it,  then  that  Water  was  the  beft  in  its  Kind. 

In  like  Manner,  if  fuch  Water  was  heated  in  any  Cauldron  or 
Brafs  Pot,  and  afterwards  left  to  fettle,  and  be  pour’d  off,  and  that 
neither  Sand,  nor  any  other  flimy  Matter  was  found  at  the  bottom  of  the 
laid  Pot,  or  Cauldron,  that  then  fuch  Water  muft  be  accounted  good. 

So  alfo  if  any  Legumes  be  put  into  a Veffel,  and  fet  over  a Fire,  in' 
fuch  Water,  if  thofe  Legumes  are  quickly  boil’d,  it  is  an  Indication  that 
the  Water  is  good  and  healthy. 

When  you  dig  for  a Well,  great  Care  ought  to  be  taken,  not 
not  only  in  ftewing  the  Sides  to  keep  the  Earth  from  tumbling  in 
upon  the  Workmen,  but  alfo  to  take  Care  that  the  Effluvia’s  of&the 
Water  (which  if  bad)  do  not  hurt  them;  for  it  has  been  often  re- 
mark’d, that  the  Water  which  is  under  the  Earth,  hath  many  bad 
Qualities,  and  emits  Vapours,  which  often  ftiffle  thofe  which  work 
in  the  Well  after  they  are  dug,  and  the  Water  begins  to  gather  to- 
gether. To  prevent  which,  the  Ancients,  as  Vitruvius  has  it,  Lib . x. 
Chap.  6.  had  this  Precaution,  To  let  a Lamp  gently  down  into  if 
and  if  it  extinguilh’d  it,  they  took  it  for  an  infallible  Sign  that  the’ 
Water  was  bad  ; and  I add,  that  this  Care,  and  the  curious  Obfer- 
vance  whether  Water  is  good,  or  no,  is  of  great  Ufe  to  thofe  that 
would  live  and  enjoy  thofe  uninterrupted  Scenes  of  Health,  which 
alone  make  Life  pleafant ; fora  very  worthy  and  honourable  Noble- 
man of  my  Acquaintance  in  the  County  of  Southampton , was  obli- 
ged to  defift  from  Building,  though  on  a lofty  and  noble  Situation,  on 
that  Account.  M 2 
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chap.  vi. 

Of  the  Instruments  proper  for,  and  Method  of  taking  the  Levels 
or  Falls  of  Water , from  a Spring-Head  to  a Manfon-Houfe 9 
Building,  Refervoir , Garden , Rond,  See.  And  the  Allow, 
ances  to  be  made  in  Levelling,  for  the  Curvature  of  the 
Earth,  Dejcent  of  the  Water,  and  the  like. 

rtr^HE  Original  of  Springs,  with  the  Manner  of  finding  them  out, 

1 being  thus  fet  down,  what  follows  next  in  Courfe  is  the  taking 
the  exaft  Levels,  making  proper  Allowance  for  the  Curvature  of  the 
Earth,  and  adjufting  the  Fall  or  Current  which  is  generally  allow  d 
for  the  Defcent  of  Water.  But  firft,  of  the  Inftrumcnts  for  that  Pur- 

^ The  Ancients,  as  Vitruvius , Lib.  viii.  Chap.  6,  writes,  “ made 
« upe  0f  an  Inftrument  they  called  Corrobates , which  was  dire&ed 
« by  a Lead,  and  by  Water  when  the  Wind  hinder’d  them  from 
a making  ufe  of  the  Lead;  and  allowed  in  the  Channels  or  Sewers, 
« of  the  Aquedu&s  for  every  hundred  Foot  half  a Foot  of  Decli- 
« nation  or  Sloping;  and  if  any  Hills  were  in  their  Way,  they  dug 
4C  thro’  them,  making  Vents  to  give  Air  at  convenient  Diftances. 

The  ancienteft  Inftrument  us’d  with  us,  as  well  as  one  of  the  molt 
certain,  is  the  Water-Level , deferib’dby  Blythe,  in  his  Improvements 
of  Husbandry,  (at  the  Beginning,)  which  muft  be  own’d  to  be  one 
of  the  belt  of  all,  in  the  operative  Part,  at  leaft  of  Works  of  the  Kind  we 

are  now  upon,  provided  the  Weather  be  ft  ill ; but  if  it  be  Ruffling,  it 

is  like  all  other  Inftruments,  difficult  to  ufe.  However,  with  tome 
Improvements  I have  made  to  it,  which  will  be  more  particularly 
declared  in  fome  fubfequent  Pages  of  this  Chapter,  when  I come  iO 
treat  of  the  directing  the  Level  in  the  making  Trenches  for  convey- 
ing of  Water,  it  will  be  eafy  to  ufe. 

But  for  the  firft  taking  of  Levels,  efpecially  thofe  which  run  any 
Diftance,  thefe  that  follow  are  in  the  moft  Efteem  amongft  the  In- 

SeiNUthe  firft  Place,  I fhall  not  (in  Regard  to  my  Profeffion  as  a 
Gardener)  pais  by  our  common  Garden  Level , delcnb’d  as  it  is  in 
Miniature,  Fig.  i.  Tab  feq.  where  A A represents  the  two  up- 
per Sides  of  the  Level,  B B the  under  Sides,  refting  orwhc 
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Heads  of  two  Stakes,  which  I may  call  alfo  by  that  Name  of  B B. 
And  the  Lead,  which  is  fattened  to  a fine  Pack-thread,  hanging  from 
C towards  D,  holding  a Plumb  at  a which  when  the  Level  is 
truly  Horizontal,  plays  down  through  the  dotted  or  pricked  Line.  This 
Inftrument,  by  the  Help  of  the  Boning-Staff  P Q^R  of  about  four  Foot 
and  a half  long,  will  difpatch  any  W ork  or  Labour  of  this  Kind  as 
well  as  any  yet  to  come,  though  not  fo  portable : But  if  you  flick  a 
Knife  or  Knives  into  the  Stakes  B B,  any  where  towards  the  Top, 
and  make  them  level  to  one  another,  by  Application  of  the  faid  Boning- 
Staves,  you  may  take  any  diftant  View  when  the  Weather  is  fine  and 
clear ; and  by  flicking  the  Knives  ad  Libitum  into  thefe  Stakes,  you 
may  go  on  better  than  when  you  drive  them  down  to  any  determL 
nate  Height,  and  the  Work  will  difpatch  quicker. 

In  the  Works  of  the  celebrated  Monfieur  Le  Bion , who  is,  or  was 
Mathematical  Inftrument-Maker  to  the  French  King,  I find  a Tele- 
fcope Plumb  Level , (vid.  Fig.  2.  Tab.feq . ) the  Conftruction  of 
which,  take  as  follows : 

This  Inftrument  (lays  Le  Bion)  is  compos’d  of  two  Branches  join- 
ed together  at  Right  Angles  ; whereof  that  carrying  the  Thread  and 
Plummet  is  about  a Foot  and  a half,  or  two  Foot  long.. 

This  Thread  is  hung  towards  the  Top  of  the  Branch,  at  the  Point: 
2 ; the  middle  of  the  Branch,  where  the  Thread  pafles,  is  hollow 
fo  that  it  may  not  touch  in  any  Place  but  towards  the  Bottom,  at  the 
Place  3,  where  there  is  a little  Blade  of  Silver,  on  which  is  drawn 
a Line  perpendicular  to  the  Telefcope. 

The  faid  Cavity  is  covered  by  two  Pieces  of  Brafs,  making,  as  it 
were,  a kind  of  Cafe,  leaft  the  Wind  Ihould  agitate  the  Thread ; for 
which  Reafon  there  is  alfo  a Glafs-Covering  to  the  Silver  Blade  to 
the  End  that  we  may  fee  when  the  Plummet  plays  upon  the  Perpen- 
dicular. The  Telelcope  is  fattened  to  the  other  Branch,  which  is 
about  two  Foot  long,  and  is  made  like  other  Telefcopes.  All  the 
Exaftnefs  of  this  Inftrument  confifts  in  its  having  the  Telefcope  at 
Right  Angles  with  the  Perpendicular. 

This  Inftrument  has  alfo  a Ball  and  Socket,  as  other  Inftrumcnts 
of  this  Kind  have  3 and  there  are  fome  of  them  made  of  Brafs  or 
Iron,  whofe  Telefcope,  and  the  Cavity, in  which  is  included  the  Thread 
carrying  the  Plummet,  is  about  four  or  five  Foot  long,  in  order  to 
level  great  Diftances  at  once.  The  Telefcope  is  about  an  Inch  and  a 
half  Diameter,  and  the  Cafe  in  which  the  Thread  carrying  the  Plum- 
met is  enclofed,  is  about  two  Inches  wide,  and  half  an  Inch  thick. 
This  Cafe  is  fattened  (with  Screws  in  the  middle)  to  the  Telefcope,  lb 
that  they  may  be  at  Right-Angles  one  to  another  3 and  at  the  two 
Ends  of  the  Telefcope  are  adjufted  two  broad  Circles,  in  which  the 

Telefcope 
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Telcfcope  exactly  turns;  which  Circles  being  flat  underneath,  are  fa- 
tten'd to  a ftrong  Iron  Rule. 

This  Level  is  lupported  by  three  Legs,  as  other  Inftruments  are, 
fatten’d  into  the  Globe  at  D,  under  the  Ball  and  Socket  mark’d  4, 
where  there  is  a Screw  to  make  the  Ball  go  ftiff ; alfo  there  are  two 
Openings,  cover'd  with  Glafles,  enclofed  in  little  Brafs  Frames,'  which 
open  fo  that  the  Thread  and  the  Plummet  may  be  hung  to  the  Top 
of  the  Cafe,  and  play  upon  two  little  Silver  Blades  in  a Line  drawn 
on  them  perpendicular  to  the  Telefcope.  JThefe  Blades  are  placed 
againft  the  Openings  of  the  Cafe,  and  the  Telefcope  is  like  that  be- 
fore fpoken  of. 

The  two  little  Inftruments  mark’d  F and  H are  French  Levels , 
and  are  founded  upon  the  fame  Principles  as  the  preceding  ones  ; 
the  Figures  whereof  are  fufficient  to  ftiew  their  Conftru&ion  and 
Ufe. 

Amongst  all  the  Levels  which  have  been  or  may  be  produc’d, 
there  is  none  which,  for  Portablenefs,  Cheapnefs,  and,  I may  add, 
Certainty  and  Dilpatch,  that  exceeds  that  which  I am  about  to  de- 
fcribe  in  this  Place,  it  being  what  any  ordinary  Countryman  may 
make  or  purchafe  for  about  eight  or  ten  Shillings;  whereas  other 
Levels  there  are,  and  which  will  be  neceflarily  deicrib’d  in  the  Series 
of  this  Chapter,  which  will  coft  five  or  fix  Pounds. 

LE  BION  has  this  amongft  his  Collection  of  curious  Inftruments 
for  Levelling ; which  he  fays,  is  a Tube  made  of  Brafs,  or  other 
like  folid  Matter,  about  three  Foot  long,  and  twelve  or  fifteen  Lines 
Diameter,  whofe  Ends  are  turned  up  at  Right  Angles  for  receivin°- 
two  Glafs  Tubes,  three  or  four  Inches  long,  fatten'd  on  them  with 
Wax  or  Maftick  ; at  the  Middle,  and  underneath  this  Tube,  is  fixed 
a Ferril  for  placing  it  upon  its  Foot.  This  Level,  though  it  be  a very 
Ample  one,  is  very  commodious  for  levelling  fmall  Diftances.  Thus 
far  Le  Bion. 

But  long  before  I faw  this  Defign  from  France , I remember  to 
have  feen  one  of  the  fame  Kind  in  England , in  the  Hands  of  my  ve- 
ry ingenious  Friend  Mr.  Jacob  Wells,  of  Farringdon , Berks , found- 
ed upon  the  lame  Reafons,  though  not  made  exaftly  in  the  fame  Man- 
ner as  the  former  was  ; it  confifted  of  a Piece  of  Heart  of  Oak,  (if  I 
remember  right,  fork  was  fome  Years  ago  I faw  it,)  that  was  about 
two  Inches  fquare,  in  the  middle  of  which,  there  was  a large  Groove, 
into  which  was  fix’d  (as  I take  it)  a Tin  Tube,  of  about  two  ar.d 
half  or  three  Foot  long,  being  the  Length  of  the  Piece  of  Wood  turn’d 
up  at  the  End,  into  which,  at  a a,  was  put  in  two  Tubes  of  Glafs 
'ftf  an  equal  Length,  reaching  to  b b ; now  into  either  End  of  the 

Glafs 
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Glafs  Tubes,  which  are  always  open,  you  may  pour  in  Water  fo 
high,  •’till  it  reaches  the  prick’d  Line  c c,  or  thereabouts. 

This  Inftrument  maybe  fix’d  on  a Tripos,  ora  plain  Table,  or 
any  other  Inftrument  for  Surveying,  is  flipp’d  into  it  at  B;  and  if 
you  manage  it  with  any  kind  of  Dexterity  or  Dilcretion,  it  will 
immediately  form  a Level,  as  at  c c,  before  mentioned,  which  though 
it  be  farther  off,  or  nearer  to  a a,  is  not  material  ; the  Water  which 
is  in  the  Tube  naturally  refting  on  a Level,  over  which  you  are 
to  take  your  View. 

But  if  you  have  a Mind  to  enlarge  your  View  a great  Way,  you 
may  frame  in  a little  Poft  on  one  Side  of  your  Level  at  O,  which 
fhall  have  a Screw  fix’d  into  it  at  P,  and  may  be  either  rais’d  high- 
er or  lower  at  Pleafure,  as  your  Water  is  in  the  Tubes,  through  which 
you  may  have  Sight  to  look  at  N?  2,  2.  as  you  do  through  other 
Levels.  The  Rationale  of  this,  and  all  Levels  of  this  Kind,  are,  that 
Water  naturally  places  it  felf  level;  and  therefore  the  Heighth  of 
the  Water  in  the  Glafs  Tubes  will  be  always  the  fame,  in  relpe£l  to 
the  Center  of  the  Earth. 

The  next  Level , I ihall  mention,  is  a common  Spirit-Level , which 
which  is  defcrib’d  in  Miniature,  Fig.  4.  Tab.  feq.  having  a Bubble 
of  Quickfilver,  or,  which  is  better.  Spirit  of  Wine,  or  any  other 
Liquor  dilcoloured,  to  make  it  the  more  vifible.  This  Spirit  being 
enclos’d  in  a fmall  Glafs  Tube  of  two  or  three  Lines  Diameter,  in 
a Piece  of  Wood  or  Brafs,  about  two  or  three  Inches  fquare,  has 
Degrees  on  it  on  the  Upper  at  a,  running  each  Way  towards  the 
Ends  b b,  in  equal  Parts  as  far  as  10  ; now  the  Length  of  the  Bub- 
ble may  be  fuch,  as  to  reach  from  three  to  three  Degrees  each  Way, 
or  from  four  to  four,  and  fo  on.  But  wherefoever  it  reaches,  it  is  proper 
it  fhould  be  an  equal  Number  of  Degrees,  diftant  from  the  Center  a, 
be  it  what  they  will.  This  ftands  upon  three  Legs,  and  has  general, 
ly  a Ball  and  Socket,  as  other  Inftruments  of  this  Kind  have, 
and  is  ufed  after  the  fame  Manner.  There  are,  that  have  Tele- 
fcopes  to  them,  one  of  which  I fhall  produce  by  and  by ; and  fhall 
now  proceed  to  thofe  made  of  Air,  which  are  not  as  yet  (at  leaft  as 
I have  feen)  common  in  England. 

In  the  Works  of  the  ingenious  Le  Bion , before  mentioned,  there 
are  the  Draughts  of  two  Kinds  of  the  Air-Level , one  whereoft 
without,  and  the  other  with  aTelefcope  annex’d  to  it;  the  Defcri po- 
tion of  both  which,  take  as  follows.  Vid.  Fig.  5.  Tab.  feq. 

It  is  compofed  of  a Tube  fet  in  Brafs,  of  about  eight  Inches  long;, 
and  1 even  or  eight  Lines  Diameter,  which  is  left  open  in  the  Middle, 
for  feeing  the  Bubble  of  Air  at  top. 
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It  is  carried  upon  a very  ftrong  ftrait  Rule,  about  a Foot  long ; at 
the  Ends  of  which  are  placed  two  Sights,  exa&ly  of  the  lame  Heighth, 
and  like  that  of  N?  3,  which  has  a Iquare  Hole  therein,  having 
two  Fillets  of  Brafs  very  finely  filed,  crolfing  one  another  at  Right 
Angles,  in  the  middle  of  which  Fillets  is  drilled  a little  Hole. 

There  is  fatten’d  a little  thin  Piece  of  Brafs  to  this  Sight,  with  a 
fmall  headed  Rivet,  to  flop  thefaid  Square’s  opening  when  - there  is 
Occafion,  and  having  a little  Hole  drill’d  through  it,  anfwering  to  that 
which  is  in  the  Middle  of  the  Fillets.  The  Brafs  Tube  is  fatten’d  up- 
on the  Rule  by  Means  of  two  Screws,  one  of  which,  mark’d  4,  ferves 
to  raile  or  deprefs  the  Tube  at  Pleafure,  for  placing  it  level,  and  ma- 
rking it  agree  with  the  Sights. 

The  Top  of  the  Ball  and  Socket  is  ri vetted  to  a little  Rule  that 
Springs,  one  of  whofe  Ends  is  fatten’d  with  two  Screws  to  a great 
Rule,  and  at  the  other  End  there  is  a Screw  mark’d  5,  ferving  for 
the  Railing  or  Depreflion  of  the  whole  Inftrument,  which  is  nearly 
level. 

The  Manner  of  adjufting  this  Level  is  eafy ; for  you  need  but 
place  it  upon  its  Foot,  fo  that  the  Bubble  of  Air  may  be  exattly 
in  the  Middle  of  the  Tube,  then  Ihutting  the  Sight  next  the  Eye, 
and  opening  the  other,  the  Point  of  the  Obje<tt  which  is  cut  by  the 
Horizontal  Fillet  is  level  with  the  Eye.  And  to  know  whether  the 
Air-Level  agrees  well  with  the  Sights,  you  mutt  turn  the  Inftru- 
ment quite  about,  and  lhut  the  Sight  which  before  was  open’d,  and 
open  the  other ; then  looking  through  the  little  Hole,  if  the  fame  Point 
of  the  Object  before  obferv’d  be  cut  by  the  Horizontal  Fillet,  it  is  a 
■Sign  that  the  Level  is  juft;  but  if  there  be  found  any  Difference, 
the  Tube  mutt  be  rais’d  or  deprefs’d  by  Means  of  the  Screw  N 4, 
till  the  Sights  agree  with  the  Level , that  is,  that  looking  at  an 
Object,  the  Bubble  of  Air  being  in  the  Middle,  and  afterwards  turn- 
ing the  Inftrument  about,  the  fame  Objedl  may  be  leen. 

The  Air-Level  B is  a very  ftrait  Glafs  Tube,  everywhere  of  the 
fame  Thicknefs,  of  an  undetermined  Length,  and  of  a Thicknefs  pro- 
portionable, being  filled  to  a Drop  with  Spirit  of  Wine,  or  other 
Liquor,  not  fubjedt  to  freeze.  The  Ends  of  the  Tubes  are  hermeti- 
cally fealed  that  is,  the  End  through  which  the  Spirit  of  Wine  is 
pour’d  muft  afterwards  be  clos’d,  by  heating  it  with  the  Flame  of 
-a  Lamp,  blown  through  a little  Brafs  Tube  to  make  the  Heat  the 
greater ; and  then,  when  the  Glafs  is  become  loft,  the  End  muft  be 
clos’d  up. 

When  this  Inftrument  is  perfe&ly  level,  the  Bubble  of  Air  will 
fix  it  felf  juft  in  the  Middle ; and  when  it  is  not  level,  the  Bub- 
ble of  Air  will  rile  to  the  Top. 
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The  Level  D is  a little  Glafs  Tube,  inclofed  within  another  made 
of  Brals,  faften’d  upon  a Rule  perfedly  equal  in  Thicknefs,  and  ferves 
to  know  whether  the  Plane  be  a Level , or  no. 

The  next  Level,  I fhall  produce,  is  a Telefcope  Air-Level , Vtd. 
Fig.  6.  Tab.  feq.  which  is  alfo  an  Invention  of  the  famous  French 
Inftrument-Maker  Le  Bion , and  is  of  great  Ule  in  dilcovering  Objects 
at  a great  Diftance.  The  Telefcope  is  in  a little  Brals  Tube,  about 
fifteen  Inches  long,  faften’d  upon  the  fame  Rule  as  the  Level,  which 
ought  to  be  of  a good  Thicknefs,  and  very  ftraight. 

At  the  End  of  the  Tube  of  the  Telefcope  mark’d  i,  enters  the 
little  Tube  i,  carrying  the  Eye-Glafs,  and  a human  Hair,  hori- 
zontally plac’d,  in  the  Focus  of  the  Objed-Glafs  2';  this  little 
Tube  may  be  drawn  out,  or  pufh’d  into  the  great  one,  for  adjufting 
the  Telefcope  to  different  Sights;  and  at  the  other  End  of  the  Tele- 
fcope is  placed  the  Objed-Glals,  whole  Conftrudion  is  the  fame  as 
that  beforementioned,  belonging  to  the  Semicircle. 

The  whole  Body  of  the  Telefcope  is  faften’d  to  the  Rule,  as  well 
as  the  Level , with  Screws,  upon  two  little  fquare  Plates,  folder’d  to- 
wards the  Ends  of  each  Tube,  which  ought  to  be  perfectly  equal  in 
Thicknefs.  The  Screw  3 is  for  railing  or  lowering  the  little  Fork 
carrying  the  human  Hair,  and  making  it  agree  with  the  Bubble  of 
Air,  when  the  Inftrument  is  level  ; and  the  Screw  4 is  for  making 
the  Bubble  of  Air  agree  with  the  Telefcope.  Underneath  the  Rule 
is  alfo  a Brafs  Plate,  with  Springs  to  it,  having  a Ball  and  Socket 
faften’d  thereto. 

The  Level  E places  itfelf,  and  is  compos’d  of  a pretty  thick  Brafs 
Rule,  about  one  Foot  long,  and  an  Inch  broad,  having  two  Sights, 
of  the  fame  Height,  placed  at  the  Ends  of  the  Rule ; and  in  the 
midft  there  is  a kind  of  a Beam,  (almoft  like  thole  of  common 
Scales,)  for  fufpending  the  Level  freely. 

At  the  Bottom  of  the  faid  Rule  is  fcrew’d  on  a Piece  of  Brals, 
likewife  carrying  a pretty  heavy  Ball  of  Brals.  All  the  Exadnels 
of  this  Inftrument  confifts  in  a perfed  Equilibrium;  to  know  which, 
is  eafy:  For  holding  the  Inftrument  fufpended  by  its  Ring,  and  ha- 
ving efpied  fome  Objed  through  the  Sights,  you  need  but  turn  the 
Inftrument  about,  and  obferve  whether  the  aforefaid  Objed  appears 
of  the  fame  Height  through  the  Sights  ; and  if  it  does,  the  Inftru- 
ment  is  perfectly  in  Equilibrio  ; but  if  the  Objed  appears  a little 
higher  or  lower,  you  may  remedy  it,  by  removing  the  Piece  of  Brafs, 
carrying  the  Ball  exadly  in  the  Middle  of  the  Point  of  Sufpenlion, 
and  then  it  mult  be  fix’d  with  a Screw,  becaufe,  by  Experience,  it 
was  found  the  Inftrument  was  level. 
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The  next  Level  I fha.ll  produce  from,  this  French  Author,  is  laid 
by  him,  to  be  the  Contrivance  of  that  truly  ingenious  and  great  Man, 
Monfieur  Hugens , whole  Name  and  Memory  has  been  lo  long  cele- 
brated in  the  learned  World.  Vid.  Fig.  7.  Tab.feq. 

It  is  a Telefcope  of  about  fifteen  or  eighteen  Inches  long,  being 
in  the  Form  of  a Cylinder,  and  going  through  a Ferril,  in  which  it 
is  fatten’d  by  the  Middle.  This  Ferril  has  two  flat  Branches  b,  b, 
one  above,  and  the  other  below,  about  a fourth  Part  of  the  Telelcope 
in  Length.  At  the  Ends  of  thefe  two  Branches,  are  fatten’d  little 
moving  Pieces,  which  carry  two  Rings,  by  one  of  which  the  Teie- 
Icope  is  fufpended  to  a Hook,  at  the  End  of  the  Screw  5 '■>  and  by 
the  other  a pretty  heavyWeight  is  fufpended,  in  order  to  keep  the 
Telefcope  in  Equilibria.  This  Weight  hangs  in  the  Box  5,  which: 
is  almoft  fill’d  with  Lin-feed  Oil,  Oil  of  Walnuts,  or  any  Thing 
elfe  which  will  not  coagulate,  for  the  more  aptly  fetting  the  Balan- 
ces of  the  Weight  and  Telefcope. 

This  Inftrument  carries  fometimes  two  Telefcopes,  clofe  and  very 
parallel  to  each  other,  the  Eye-Glafs  of  one  being  on  one  Side,  and 
the  Eye-Glafs  of  the  other  being  on  the  oppofite  Side,  that  fo  one 
may  fee  on  both  Sides,  without  turning  the  Level.  If  the  Tube 
of  the  Telefcope,  being  fufpended,  be  not  found  level,  as  it  will  often 
happen,  put  a Ferril  or  Ring,  mark’d  4,  upon  it,  which  may  be  Aid 
along  the  Tube,  for  placing  it  level,  and  keeping  it  fo ; and  this 
mutt  be  if  there  be  two  Telefcopes.  It  mutt  be  noted,  that  there  is 
a human  Hair,  horizontally  ftrained,  and  fatten  d to  a little  Fork, 
in  the  Focus  of  the  Objed-Glafs  of  each  Telefcope,  which  may  be 
raised  or  deprefs’d,  by  Means  of  a little  Screw,  as  has  been  already 
mentioned. 

For  proving  this  Levels  having  fufpended  it  by  one  of  the  Blanches, 
obferve  fome  diftant  Objed  through  the  Telefcope,  with  the  Weight 
not  hung  on,  and  very  exadly  mark  the  Point  of  the  Object  cut  by 
the  Hair  of  the  Telefcope ; then  hanging  the  Weight  on,  if  the  ho- 
rizontal Hair  anfwers  the  fame  Point  of  the  faid  Objett,  it  is  a Sign 
that  the  Center  of  the  Gravity  of  the  Telefcope  and  Weight,  is  pre- 
cifely  in  a right  Line,  joining  the  two  Points  of  Sufpenfion,  which 
continued,  would  pafs  through  the  Center  of  the  Earth. 

But  if  it  otherwife  happens,  you  mutt  remedy  it  by  Aiding  the 
little  Ring  backwards  or  forwards.  Having  thus  adjufted  the  Tele- 
fcope, that  the  fame  Point  of  an  Object  be  feen,  as  well  before 
the  Weight  is  hung  on,  as  afterwards,  you  mutt  turn  it  upfide  down, 
by  fufpending  it  to  the  Branch  which  was  lowermoft,  and  hanging 
the  Weight  upon  the  other ; then  if  the  Hair  in  the  Telefcope  cuts 
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the  aforelaid  Point  of  the  Objed,  it  is  manifeft,  that  that  Point  of  the 
Objech  is  in  the  Horizontal  Plane  with  the  Center  of  the  Tube  of  the 
Telelcope ; but  if  the  Hair  does  not  cut  that  Point  of  the  Object,  it 
muft  be  rais’d  or  lower’d,  by  Means  of  the  Screw,  till  it  does.  Notey 
You  muft  every  now  and  then  prove  this  Inftrument,  fox  Fear  leaft 
fome  Alteration  has  happened  thereto. 

The  Hook  on  which  this  Inftrument  is  hung,  is  fix’d  to  a flat 
wooden  Crofs,  at  the  End  of  each  Ann  of  which  there  is  a Hook, 
ferving  to  keep  the  Telelcope  from  too  much  Agitation  when  the 
Inftrument  is  ufing,  and  for  keeping  it  fteady  when  it  is  carrying,  in 
lowering  the  Telelcope,  by  Means  of  the  Screw  3,  which  carries  it. 

There  is  apply’d  to  the  faid  flat  Crofs  another  hollowed  Crols, 
fatten’d  with  Hooks,  which  ferves  as  a Cafe  to  the  Inftrument.  But 
note,  the  two  Ends  of  the  Crofs  are  left  open,  that  fo  the  Telefcope 
being  covered  from  Wind  and  Rain,  may  be  always  in  a Condition 
to  ufe. 

The  Foot  fupporting  the  Inftrument  is  a round  Brafs  Plate,  lome- 
thing  concave,  to  which  is  fatten’d  three  Brafs  Ferrils,  moveable  by 
Means  of  Joints,  where  are  Staves  of  a convenient  Length  put  pthe 
Box  at  the  Bottom  of  the  Level  is  plac’d  upon  this  Plate,  and  may 
be  any  Ways  turn’d,  fo  that  the  Weight,  which  ought  to  be  Brafs, 
may  have  a free  Motion  in  the  Box,  which  muft  be  Ihut  by  Means 
of  a Screw,  lo  that  the  Oil  may  be  preferv’din  Journeys. 

FIG.  8.  Tab.  feq.  is  the  Reprelentation  of  one  of  the  beft  Kind 
of  Sprit-Levels  I know  of,  elpecially  for  the  Ufe  of  Gardeners,  if 
improv’d  in  the  Manner  I have  there  defcrib’d.  The  firft  that  ever 
I faw  of  this  Kind,  was  in  the  Hands  of  Mr.  Bridgemany  now 
defervedly  advanc’d  to  be  one  of  HisMajefty’s  Gardeners. 

It  may  be  made  from  two  Foot,  to  two  Foot  and  a half,  or  three 
Foot  long,  of  any  feafon’d  Piece  of  Oak,  or  other  Wood,  about 
three  Inches  wide,  having  Sights  framed  on  at  a a.  In  the  Middle 
at  X there  is  (according  to  my  Defign)  a Pin,  on  which  the  Rule  b b 
turns  j and  round  the  Center  is  a Convex-Glafs,  with  Circles  drawn 
round  it,  as  on  the  Plan,  which  Circles  are  fo  exaftly  level,  that 
whenever  the  frigid  Liquor  which  is  put  in  Hands  to  a true  Level, 
it  touches  one  or  other  of  thefe  Circles,  or  fo  near  to  it,  that  you 
may  difcover  when  the  Inftrument  is  level.  To  make  this  more 
perfect,  I have  added  a Tube  at  each  End,  which  runs  towards  the 
Sights,  as  in  other  Spirit-Levels,  which  Tube  is  alfo  join’d  crofs-ways 
to  the  Convex-Glafs,  and  Ihews  when  the  Level  is  right  that  Way  ; fo 
that  having  taken  your  View  one  Way,  you  may,  by  the  Help  of  the 
crofs  Rule  b b,  take  any  other  Level.,  whether  diagonal,  lquare,  or 
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othcrwife,  without  moving  your  Inftrument  again,  or  altering  the 
firft  Level. 

On  the  Edges  of  the  Circle,  you  may  have  Degrees  divided  (if  you 
pleafe)  according  to  the  Degrees  of  a Circle,  which  will  be  of  Uie 
to  any  Gardener  likewife  in  the  fetting  out  his  Walks,  and.  taking 
of  Levels,  and  is,  in  fhort,  fo  univerfal  an  Inftrument  for  his  Ufe, 
that  (if  well  made)  I can’t  think  any  equal  to  it, 

A Box  and  Needle  may  be  alfo  fix’d  to  it  at  the  Fleur-de-Lis 
and  the  Whole,  if  it  falls  into  the  Hands  of  one  Artift,  may  be 
made  of  the  greateft  Ufe.  All  this  may  be  done  on  a plain  Table. 

For  the  Rectification  of  all  Levels,  (that  I may  explain  myfelf 
the  better,)  take  the  following  Account,  as  I find  it  in  Le  Biony 
Vid.  Fig.  10.  Tab.  feq.  Plant  your  two  Staves  at  A B,  about 
fifty  Toifes  Diftance  from  each  other,  becaufe  of  the  Roundnefs  of 
the^  Earth  you  muft  not  exceed  that  ; then  efpying  from  the  Station 
A the  Point  B,  the  Level  being  plac’d  horizontally,  and  the  Bubble 
of  Air  being  in  the  Middle  of  the  Tube,  you  muft  raife  or  lower 
a Piece  of  Pafte-Board  or  Vane  upon  the  Staff  B,  (in  the  Middle  of 
which,  as  Vid.  B.  Fig.  it.  Tab.  feq ► there  is  an  Horizontal  Line,) 
till  the  vifual  Ray  of  the  Obferver’s  Eye  meets  the  faid  Line  ; af- 
ter which  fix  another  Piece  of  Pafte-Board  to  another  Staff  of  the  fame 
Divifion,  which  we  call  A,  the  Middle  of  which  let  be  the  Height 
of  the  Center  of  the  Pafte-Board  ; and  the  Level  being  horizontally 
plac’d  for  obferving  the  Vane  or  Pafte-Board  A ; if  then  the  vifual 
Ray  cuts  the  Middle  of  the  Piece  of  Pafte-Board,  it  is  a Sign  that 
the  Level  is  very  juft;  but  if  the  vifual  Ray  falls  above  or  below, 
as  in  the  Point  C,  you  muft,  by  always  keeping  the  Eye  at  the 
lame  Height,  lower  the  Telefcope,  or  the  Sight,  till  the  Middle  of 
the  vifual  Ray  falls  upon  the  Middle  of  the  Difference,  as  in  D ; 
and  the  Telefcope  thus  remaining,  the  Tube  of  the  Level  muft  be 
adjufted,  till  the  Bubble,  either  of  Air,  Quick-filver,  or  Spirit  of 
Wine,  fixes  in  the  Middle;  which  is  done  by  Means  of  a Screw 
fix’d  at  the  Bottom  of  all  Levels,  for  that  Purpofe.  Again  return 
to  the  Staff  A,  and  place  the  Level  to  the  Height  of  the  Point  D; 
and  looking  at  the  Vane  or  Pafte-Board  B,  if  the  vifual  Rays  fall  on 
the  Middle  of  the  Piece  of  Pafte-Board,  it  is  a Sign  the  Telefcope  or 
Sight  agrees  with  the  Level ; if  not,  the  fame  Operations  muft  be 
repeated,  until  the  vifual  Rays  fall  upon  the  Centers  of  the  two  Pieces 
of  Pafte-Board.  And  thus,  with  what  is  fet  down  in  other  Places, 
you  have  full  Inftructions  for  rectifying  any  Inftrument. 

" The  next  and  which  is,  I think,  a very  genteel  and  ingenious 
Inftrument,  3 is  the  Telefcope  Sprit-Level : The  Invention, 
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as  I take  it,  (for  I am  not,  as  yet,  well  acquainted  with  that  Gentle” 
man,)  of  William  Sifon , at  the  Corner  of  Beauford- Buildings,  in 
the  Strand , being  of  great  Ufe  for  thofe  who  are  to  take  the  De- 
pendance  of  a River,  (or  any  other  long  Length,)  for  Navigation,  or 
otherwife,  be  it  fifteen  or  fixteen  Miles,  or  fometimes  more. 

This  Inftrument  confifts  of  a Brafs  Telefcope,  of  a convenient 
Length,  the  longer  the  better,  provided,  the  Parts  of  the  Inftrument, 
which  fupport  it,  be  proportionably  ftrong.  Within  this  Telefcope 
is  fix  d a Hair,  and  a fmall  Micrometer,  whereby  the  Diftances  may 
be  deteimined  atone  Station  near  enough  for  the  Bufinefs  of  Levelling ; 
upon  this  Telelcope  is  fix’d,  with  two  ftnall  Screws,  the  Spirit  Tube 
and  Bubble  therein,  which  Bubble  will  reft  exactly  in  the  Middle  of 
the  Tube,  when  the  Telelcope  is  let  truly  level. 

Under  the  Telelcope  is  a double  Spring,  with  two  Screws,  by 
which  the  Bubble  is  brought  exactly  to  a Mark  in  the  middle  of  the 
Tube  ; to  which  Spring  is  fix’d  a Conical  Ferril,  which  is  a Dire&ion 
for  the  Telefcope  to  move  horizontally  at  Pleafure.  There  is  alfo 
a three-legged  Staff,  a Ball,  Socket,  and  four  Screws,  to  adjuft 
the  Horizontal  Motion,  the  fame  with  that  belonging  to  all  Purvey- 
ing Inftruments.  ^ 

For  your  Affiftance  to  this,  and  the  other  Levels  before  mentioned, 
you  are  to  provide  two  Station  Staves,  (for  one  wdiereof  See  Fie.  i x 
Tab.feq.)  each  ten  Foot  long,  that  may  Hide  one  by  the  Side  of  the 
other,  to  five  Foot,  for  eafier  Carriage  ; let  them  be  divided  into 
rooo^equal Parts,  and  number’d  at  every  tenth  Divifion,  io,  20,  20. 
40,  &c.  to  100,  and  from  100,  no,  120,  &c.  to  200,  and  lo  on 
till  you  come  to  1000  ; but  every  Centeflimal  Divifion,  (which  is 
the  nioft  as  can  be  exprefs’d  in  the  Figure  before  mentioned,)  as  100, 
zoo,  300,  &c.  to  1000,  ought  to  be  exprefs’d  in  large  Figures,  that 
the  Divifion  may  be  more  eafily  counted ; and  you  may  have  ano- 
ther Piece  five  Foot  long,  divided  alfo  into  ^00  equal  Parts,  to  be 
added  to  the  former,  when  there  fhall  be  Occafion. 

Upon  thefe  Staves  are  two  Vanes,  or  black  Boards,  made  to  Hide 
up  and  down,  which  will  alfo  ftand  againft  any  Divifion  on  the  Staff 
by  the  Help  of  Springs;  thefe  Vanes  are  belt  made  thirty  Parts  wide' 
and  ninety  Parts  long  ; let  the  Faces  of*them  be  divided  into  three 
equal  Spaces,  by  two  Lines  drawn  Length-ways  ; let  the  two  extream 
Parts  be  painted  white,  and  the  other  two  black,  which  will  render 
them  fit  for  all  Diftances. 

Being  thus  provided  with  a good  Inftrument,  two  Station  Staves, 
a Cham,  and  two  Alfiftants,  you  may  proceed  to  your  Work  • but 
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trft  it  will  be  neceffary  to  know  if  your  Inftrument  be  well  ad- 
. uftcd. 

Now  to  do  this,  you  are  to  chufe  fbme  Field  or  Meadow,  which 
is  nearly  level,  and  fet  down  the  Inftrument  about  the  Middle  thereof* 
and  make  a Hole  in  the  Ground,  under  the  Center  of  the  Inftru- 
ment • from  which  meaiure  out  a right  Line,  fome  convenient  Length, 
as  twenty  Chains,  and  there  leave  one  of  your  Affiftants  with  his 
Station-Staff;  and  then  return  to  the  Inftrument,  and  meafure  out  the 
fame  Number  of  Chains,  viz.  twenty,  the  other  Way,  by  the  Di- 
redion  of  the  Inftrument  and  laft  Station-Staff,  as  near  in  a.  right 
Line  as  you  can  guefs,  and  there  leave  your  other  Affiftant  with  his 
Station-Staff;  fo  will  the  Inftrument  and  two  Station-Staves  be  in  the 

fame  Line.  . . 

Then  return  to  the  Inftrument,  and  fet  it  Horizontal,  which  is 
prefently  done  by  the  Ball  and  Socket,  and  turn  the  Tel elcope  about 
on  its  Horizontal  Motion  to  your  firft  Affiftant,  and  move  the 
Telefcope  by  the  two  Screws  in  the  double  Spring,  till  the 
Bubble  refts  exadly  in  the  middle  of  the  Spirit-Tube ; thenobferve 
where  the  Hair  cuts  the  Staff,  and  dired  your  Affiftant  to  move 
or  flip  the  Vane  or  Board  up  or  down,  till  the  Hair  cuts  the  Middle 
thereof  fo  that  you  may  fee  as  much  of  the  Vane  above  the  Hair  as 
below  it,  and  there  give  him  a Sign  to  fix  it  ; then  dired  the  Te- 
lefcope towards  your  fecond  Affiftant,  and  proceed  in  the  fame  Man- 
ner ; fo  are  the  Vanes  on  each  Staff  equidiftant  from  the  Center 
of  the  Earth. 

Remove  the  Inftrument  to  that  Affiftant  which  is  neareft  the  Sun, 
if  it  ffiines,  that  you  may  have  the  Advantage  of  its  Rays  upon  the 
other  Affiftands  Vane,  and  there  fet  down  the  Inftrument  as  near 
the  Staff  as  you  can  ; then  having  fet  the  Inftrument  Horizontal,  fo 
that  the  Bubble  refts  in  the  middle  of  the  Tube,  obferve  what  Di- 
redion  is  then  cut  by  the  Hair  in  the  Telefcope,  above  or  below 
the  middle  of  the  flat  Board  or  Vane;  for  fo  many  Divifions  mult 
the  other  Affiftanfts  Vane  be  elevated,  or  deprefs’d,  which  you  mult 
dired  him  to  do  accordingly. 

Here  the  Diltance  of  the  Inftrument,  from  the  Station- Staff,  is 
forty  Chains,  for  which  you  mult  make  an  Allowance  for  the  Earth's 
Curvature,  which,  by  the  Table,  which  will  be  produc'd  in  one  of 
the  next  Pages,  you  will  find  to  be  16  A Parts,  therefore  let  the 
Vane  on  the  Staff  be  rais  d 1 6 2.0.  Paits. 

Now  dired  the  Telefcope  to  the  Vane  thus  rais’d,  and  if  the 
Hair  cuts  the  Middle  thereof,  whilft  the  Bubble  refts  in  the  Middle 
of  the  Tube,  the  Inftrument  is  right  ; but  if  not,  then  you  muff 
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wife  or  deprefs  the  Telefcope  by  the  Screws  in  the  double  Spring, 
till  the  Haircuts  the  Middle  of  the  Vane;,  and  then,  by  the  Help’ 
of  the  Screws  that  fix’d  the  Tube  to  the  Telefcope,  move  the  Bub- 
ble till  it  refts  in  the  Middle  of  the  Tube;  fo  is  the  Level  adjufted.. 

As  to  the  Allowances  to  be  made  for  the  Curvature  of  the  Earth, 
when  the  Station-Staves  are  planted  at  unequal  Diftances  from  the 
Inftrument,  you  muft  take  the  following  Method : 

Suppose  the  Inftrument  was  plac’d  on  an  Eminence,  between  the 
two  Valleys  a and  b,  Fig.  ix.  Tab.  feq.  and  the  firft  Affiftant 
Handing  with  his  Station  at  c,  and  the  fecond  at  d,  and  it  is  required 
to  know  the  different  Height  of  the  Hills  c and  d. 

First  fet  the  Inftrument  Horizontal;  and  then  dired  the  Tele- 
fcope to  the  firft  Afliftant’s  Staff  at  c,  and  by  the  Spring-Screws  fet 
the  Bubble  exact,  obferving  where  the  Hair  cuts  the  Staff,  and  by 
Signs  caufe  him  to  move  the  Vane  higher  or  lower,  till  the  Hair 
cuts  the  Middle  thereof ; and  then  give  him  a Sign  to  note  down 
the  Divifion  cut  by  the  upper  Edge  of  the  Vane,  which  fuppofe 
104  Parts  from  the  Ground,  and  by  the  Micrometer  in  the  Telefcope, 

I find  the  Diftance,  from  the  Inftrument  to  the  Staff  at  c,  to  be  about 
ten  Chains. 

Then  I dired  the  Telefcope  to  d,  and  proceed  in  the  fame  Man- 
ner as  before,  and  find  that  the  Hair  cuts  849  Parts  from  the  Ground 
and  by  the  Micrometer  the  Diftance  to  d,  is  determin’d  to  be  about 
thirty  five  Chains. 

Next  I look  into  the  Table  of  Curvature  following,  and  find 
againft  ten  Chains,  one  Part  to  be  deduded  for  the  Curvature  of  the 
Earth  at  that  Diftance,  fo  will  the  Afliftant’s  Note  be  made  103 
Parts. 

Also  againft  thirty  five  Chains,  I find  which  being  deduded 
out  of  849,  there  remains  836  A Parts  which  muft  be  noted  by  the 
fecond  Affiftant. 

Now  if  103,  as  noted  by  the  firft  Affiftant  be  fubftraded  from 
836  A,  as  noted  by  the  fecond,  the  Remainder  will  be  733  A,  and 
fo  much  the  Hill  c is  higher  than  the  Hill  d. 

If  the  Spring-Head,  or  Conduit-houfe  Q^,  be  on  the  Precipice  of 
a Hill,  you  muft  make  a very  fhort  Level  H to  F,  by  a very  tall 
Pole  plac’d  at  c,  which  Pole  let  remain  till  you  have  mov’d  your 
Inftrument  to  R,  at  which  Time  you  may  turn  your  View  backwards* 
and  forwards  both  to  G and  D.  But  to  proceed  t 
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Here  follows  a Table  of  the  Earth’s  Curvature , calculated  to  the 
Thoufandth  Tart  of  a Foot , at  the  End  of  every  Chain , from  one 
Chain  to  forty. 


Chains. 

Dec.  feet. 

Chains. 

Dec.  feet. 

Chains.  ! 

Dec.  feet 

Chains. 

Dec.  feet. 

I 

OCO 

II 

013 

21 

046 

0 99 

2 

000 

12 

01 5 

22 

0J0 

32 

106 

3 

ooi 

13 

01 7 

23 

33 

113 

4 

002 

14 

020 

24 

060 

34 

120 

S 

003 

15 

023 

27 

06; 

35 

!*7 

6 

004 

1 6 

026 

2 6 

070 

36 

134 

7 

005 

17 

030 

27 

°75 

37 

141 

8 

007 

18 

033 

28 

081 

38 

149 

9 

008 

19 

037 

29 

087 

39 

157 

10 

OIO 

20 

041 

30 

093 

40 

166 

Thus  you  have  a Tabic  of  the  Curvature  of  the  Earth;  but  if 
the  Table  is  not  at  hand,  or  the  Number  requir’d  be  not  to  be  found 
therein  then  you  may  find  the  Allowance  which  is  to  be  made  at  any 
Diftance,  by  the  following  Rule  : 

Multiply  the  Square  of  the  Diftance  in  Chains  by  31,  and  divide 
the  Product  by  300000,  you  will  have  the  Anfwer. 

In  this  Manner  making  Allowance  for  the  Curvature  of  the  Earth, 
you  may  fend  a Station-Staff  forwards  half  a Mile,  or  farther  from 
the  Inftrument,  and  take  a Sight  over  Valleys  at  once,  the  Horizon- 
tal Diftance  being,  in  this  Cafe,  the  only  Thing  to  be  regarded. 

Thus  much  of  the  general  Ufes  of  the  Levelling  Inftruments  be- 
fore mentioned,  Curvature  of  the  Earth,  &c.  But  before  I proceed 
to  that  which  is  more  particular,  I mean  the  Operation  itfelfj  the 
Method  of  noting  down  in  the  Field  fuch  Obfervationsas  lhall  occur, 
(according  to  my  Promife,)  I lhall  give  an  Account  of  a very  extraor- 
dinary Inftrument,  contriv’d  by  Mr.  Thomas  Heath,  Mathematical 
Inftrument-Maker,  next  Door  to  the  Fountain-Tavern  in  the  Strand, 
aPerfon  who,  for  Curioufnefs  of  Invention  and  Workmanlhip,  (being 
himfelf  a through  Mathematician,)  equals,  if  not  excels,  any  of  his 

Profeffion.  _ 
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This  Inftrument  confifts  of  a Brafs  Circle  or  Limb  A A,  Fid.  Tab' 
feq.  ten  Inches  in  Diameter,  or  any  other  Size  at  Pleafure,  divided 
into  360  Degrees,  and  an  Arch  of  it  is  divided  into  Parts,  figured  each 
Way  ten,  twenty,  thirty,  &c.  to  ninety,  being  mark’d  Feet,  and  are 
for  taking  the  Perfpe&ive  of  a Building,  upon  which  are  two  fixed 
Sights  b b,  for  viewing  Obje&s  that  are  near,  or  when  the  Inftrument 
is  ufing  in  hazy  Weather,  when  they  cannot  be  diftin&ly  feen  through 
a Telefcope.  This  Limb  is  fix’d  upon  a Brals  Pillar  or  Cylinder 
having  a Ball  at  the  Bottom  of  it,  that  goes  into’a  Socket  made  in  the 
Middle  of  the  round  Plate  G G,  fo  that  by  Means  of  the  Ball  and 
Socket : The  Plan  of  the  Limb  A A may  be  fet  to  a requir’d  Pofition 
or  Inclination,  with  relpeft  to  the  Plane  of  the  Circle  G G,  and  may 
be  kept  to  that  Pofition  by  Means  of  a Screw  and  Worm  underneath 
the  Plate  G G ; the  circular  Plate  B B is  fixed  upon  the  aforefaid 
Pillar  or  Neck  of  the  Ball,  having  its  Plane  parallel  to  the  Plane  of 
the  Limb  A A,  and  has  four  Screws  in  it ; the  Worms  of  which 
prelfing  againft  the  circular  Plate  G G,  are  for  fetting  the  Plane  of  the 
Limb  A A level  or  parallel  to  the  Horizon,  by  Means  of  a little  Spi- 
rit Air-Level  ff,  fixed  to  the  Top  of  the  Telefcope  E E,  that  fo  the 
Inftrument  may  ferve  as  a Quadrant,  in  taking  the  Quantity  ofDe- 
grees  of  an  Altitude,  and  likewile  for  other  Ufes  hereafter  mentioned. 
The  Plate  a a a a,  called  the  Index,  is  moveable  about  the  Centre  of 
the  Limb  A A,  and  the  Arches  of  the  two  oppofite  Pieces  of  it  or 
Ends  of  the  Index,  reft  upon  the  Limb,  in  order  to  take  the  Quan- 
tity of  Degrees  of  an  Angle,  contain  each  thirteen  Degrees  of  the 
Limb;  which  Arches  are  each  divided  into  twelve  Parts,  and  figur’d 
10,  ao,  30,  40,  5-0,  60,  that  fo  the  Quantity  of  an  Angle  may  be 
taken  to  5 Minutes.  This  Index  has  a Box  and  Needle  c c fixed 
upon  it,  and  near  the  aforefaid  Ends  of  the  Index,  are  plac’d  perpen- 
dicularly two  fimilar  and  equal  vertical  Arches  c c,  c c,  of  about  thirty 
nine  Degrees  each,  which  are  joined  to  the  crofs  Piece  D D fupportin°- 
the  Centre,  about  which  a Telefcope  E E moves.  This  Telefcope 
carries  four  perpendicular  or  vertical  Sights  e,  e,  e,c,  for  viewing  Obieds 
in  hazy  Weather,  or  that  are  near;  as  likewife  two  Pieces  upon  the 
Arches  c c,  c c,  ferving  as  an  Index  ; which  Pieces  each  contain  an 
Arch  of  thirteen  Degrees  of  the  Arches  c c,  c c,  being  each  divided 
as  the  Ends  of  the  Index  a a a a were,  that  fo  the  Quantity  of  an  An- 
gle of  Altitude  may  be  taken  to  five  Minutes.  Thefe  Arches  c c c c 
contain  three  Scales  of  concentrick  Divifions,  mark’d  De,  Li,  Fe  the 
firft  being  Degrees,,  the  fecond  Links,  and  the  third  Feet,  the  former 
giving  by  the  Thread  of  the  Middle  of  the  Index  the  Degrees  of  the 
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Altitude  or  Depreflion  of  an  Objed,  if  not  exceeding  thirty  nine ; the 
other  the  Number  of  Links  in  every  Chain’s  Length,  at  that  Angle 
of  Altitude  or  Depreflion  that  are  to  be  taken  from,  or  added  to  the 
Hypothenulal  Line  of  one  Chain,  in  order  to  have  the  horizontal  Line, 
by  which  Means  the  horizontal  Line  of  an  Hill  will  be  very  exadly 
obtained;  and,  laftly,  the  third,  the  Height  or  Depth  of  an  Objed 
in  Feet,  when  the  Inftrument  Hands  at  100  Feet  Diftance  from  it. 

At  the  Letter  p there  is  a little  Pin  falten’d  to  the  Telefoope,  which 
is  for  keeping  the  Telefcope  and  Index  fuch,  that  its  Line  ofColli- 
mation  be  parallel  to  the  Plane  of  the  Limb. 

Finally,  the  three  Legs  of  the  Inftrument  fcrew  into  three  Brafs 
Pieces,  which  conftitute  a Triangle,  and  are  faften’d  underneath  the 
circular  Plate  G G,  and  open  and  lhut  at  Pleafure,  and  may  be  un- 
icrew’d  in  the  Middle,  that  fo  their  Length  being  diminifh’d  by  one 
half,  they  are  render’d  more  portable. 

N.  B.  The  Centre,  about  which  the  Index  a a a a moves,  and  up- 
on which  the  Needle  hangs,  is  fix’d  to  the  Plate  A A,  that  lo  when 
the  Index  is  moving,  the  Needle  is  not  thereby  difturbed. 

This  general  and  moft  curious  Inftrument  of  Mr.  Heath’s  (with 
others  before  mentioned)  being  thus  defcrib’d,  let  us  now  come  to  the 
Operation  it  felf,  in  which  it  is  requir’d  to  know  whether  Water  may  be 
convey’d  in  Pipes  or  Trenches  from  a Spring-head  to  any  determin’d  Place. 

At  the  Spring-head  fet  up  one  of  your  two  Station-Staves,  as 
nearly  perpendicular  as  you  can,  and  leave  with  one  (whom  you  may 
call  your  firft  Afliftant)  proper  Diredions  for  railing  or  deprefling 
the  Vane  on  his  Staff,  according  to  certain  Signs  which  you  (Hand- 
ing at  your  Inftrument)  ftiall  give  him.  Alfo  let  him  be  provided 
with  Pen,  Ink,  and  Paper,  to  note  down  very  carefully  the  Divifton 
of  the  Staff  which  the  Vane  fhall  cut  when  you  make  a Sign  that 
it  Hands  in  its  right  Pofition. 

Carry  your  Inftrument  toward  the  determined  Place  you  are  go- 
ing to,  as  far  as  you  can  fee,  fo  that  through  the  Telefcope  you 
may  but  fee  any  Part  of  the  Staff  left  behind  when  the  Inftrument 
is  fet  horizontal  ; and  from  that  Place  fend  your  fecond  Afliftant  for- 
ward with  his  Station- Staff,  with  the  fame  Inftrudions  which  you 
gave  your  firft. 

Set  the  Inftrument  horizontal,  by  the  Help  of  the  Ball,  Socket, 
and  Screws;  and  dired  the  Telefcope  to  your  firft  Afliftant’s 
Staff,  and  then  by  the  help  of  the  Spring-Screws  bring  the  Bubble  ex- 
adly to  the  Middle  of  the  Tube,  and  when  it  refts  there  give  a Sign 
for  your  Afliftant  to  note  the  Parts  of  the  Staff. 
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Turn  about  the  Telelcope  to  your  fecond  Affiftant’s  Staff,  and  by 
the  Spring-Screws,  as  before,  fet  the  Bubble  exadt ; then  dired  your 
fecond  Alliftant  to  move  the  Vane  higher  or  lower,  till  you  fee  the 
Hair  in  theTelefcope  cuts  the  Middle  of  the  Vane  or  Sight-Board, 
(but  in  long  Diftances  the  Hair  will  almoft  cover  the  Vane,  however, 
let  it  be  fet  in  luch  a Manner  that  as  much  may  be  above  the  Hair 
as  below  it,  as  near  as  you  can  guefs,)  and  then  give  him  a Sign  to 
note  the  Divilion  on  the  Staff  ; and  always  let  your  Affiftants  note 
the  Divifion  cut  by  the  upper  Edge  of  the  Vane. 

Let  your  firft  Affiftant  then  bring  his  Station-Staff  from  the  Spring- 
head, and  changing  Places  with  the  fecond  Affiftant,  let  your  lecond 
Affiftant  carry  his  forwards  to  the  determin'd  Place  to  which  you  are  go- 
ing, and  at  a convenient  Diftance  erect  it  perpendicular,  whilft  your  firft: 
Affiftant  tarries  with  his  Staff  where  your  fecond  Affiftant  flood  before. 

Place  your  Inftrument  between  your  two  Affiftants,  as  near  the 
Middle  as  you  can,  (on  Account  of  the  Curvature  of  the  Earth,)  and 
firft  direct  your  Telefcope  to  your  firft  Affiftant’s  Staff,  and  when 
the  Telefcope  is  levell’d  to  one  of  the  Divifions  on  the  Staff,  let  him 
note  that  Divifion  in  an  orderly  Manner  under  the  firft  Obfervation ; 
and  let  the  fecond  Affiftant  do  the  fame.  And  in  this  Manner  pro- 
ceed over  Hill  and  Dale,  as  ftrait  forwards  as  the  Way  will  permit, 
to  the  appointed  Place,  (only  repeating  thofe  Directions,)  though 
it  be  twenty  Miles  Diftance  from  the  Spring-head.  But  in  your  whole 
Paflage  let  this  be  a conftant  Rule,  from  which  you  mull  never  de- 
part, viz.  that  your  firft  Affiftant  muft  at  every  Station  Hand  between 
the  Spring-head  and  your  Inftrument, and  your  fecond  Affiftant  muft 
always  ftand  between  the  Inftrument  and  the  appointed  Place  to 
which  the  Water  is  to  be  convey’d  ; and  alfo  the  firft  Affiftant  muft  be 
ffire  to  place  his  Staff  exactly  in  the  Place  where  the  fecond  flood. 

Being  come  to  the  Place  appointed,  let  both  your  Affiftants  give 
in  their  Notes,  which  ought  to  ftand  in  Manner  and  Form  fol- 
lowing : 
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will  not  be  .able  to  fee  any  Part  of  the  Staff  when  the  Inftrument  is 
fet  horizontal,)  which  might  as  well  be  done  alone,  (as  in  the  fore- 
going Obfervations,)  in  the  Manner  defcrib'd  in  the  Table  of  Cur- 
vatures. 

In  the  Beginning  of  this  Chapter,  Mention  was  made  of  an  old 
plain  Water-Level,  us'd  by  our  Water  Meadow-Men,  fome  Account 
of  which,  (or  very  near  it,)  I remember  to  have  feen  in  the  Beginning 
of  Blythe’ s Husbandry,  which  Inftrument,  and  its  Ules,  in  making 
Trenches,  I would  recommend  before  any  other  yet  named,  if  you 
can  keep  a little  out  of  the  Wind.  Vid.  Fig.  15.  Tab.feq. 

Let  A B be  the  Section  of  a new  Cut,  made  for  the  conducing  of 
Water  to  any  Place,  and  CCD  the  Top  of  the  Level,  which  has 
two  Sights  fram’d  on,  as  f,  g,  and  two  Iron  Rods,  as  h,  i,  going  through 
the  Middle  of  the  Level  near  C and  D,  which  are  fo  put  in,  that  they 
will  eafily  admit  of  the  Levels  riling  or  finking,  by  either  of  the 
Screws  K,  L. 

This  Level  (being  of  the  dryeft  Oak,  three  Inches  fquare)  ought 
to  be  fix  or  eight  Foot  at  leaft  in  Length,  (the  longer  the  better)  in 
the  middle  of  the  Top  of  which  let  there  be  a Channel  or  Trough 
made,  fuch  as  is  us’d  to  be  for  Chickens  to  eat  their  Meat  out  of,  and 
as  is  defcrib'd  in  Fig.  14.  Tlate  3.  about  an  Inch,  or  an  Inch  and 
Quarter  over,  having  at  each  End  a fquare  Well,  into  which  the  Wa- 
ter fhall  fall,  whereby  its  Level  may  be  the  more  confpicuous  and 
plain.  And  with  this  we  did  my  Lord  Coningsby’s  Trench  to  a very 
great  Truth. 


CHAP.  VII. 

Of  the  proper  Methods  to  he  taken  in  the  adjufiing  the  Levels  or 
Falls  from  a Spring-Head , fo  as  to  condutt  them  by  a gra- 
dual Defcent  to  the  Houfe , or  other  Place  required. 

r-f~,HE  Defcent  from  the  Spring-head  to  the  Refervoir  being  taken, 
as  direded  in  the  laft  Chapter,  the  next  Thing  to  be  done  is 
the  determining  what  Fall  the  Water  is  to  have,  or,  in  other  Words, 
how  many  Feet  or  Inches,  or  how  much  Dependance  is  to  be  allow- 
ed to  a Yard,  to  a Pole,  or  to  a hundred  Feet  or  Yards,  or  a Mile  or 
Miles,  in  Proportion,  fo  as  that  the  Water  may  have  a proper  Current, 
and  may  at  laft  not  fall  too  low,  but  be  brought  gradually  to  the  Top 
of  the  Refervoir  or  Pond,  where  it  is  to  be  uied. 
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Yet  before  we  proceed  far  into  this  neceflary  Adjuftment  of  the 
Dependance  or  Fall  of  Water,  it  will  not  be  improper  to  enquire  in- 
to the  Fall  ol  fome  Aquedudts  and  Water-Courfes,  both  atFIome  and 
Abroad,  lince  ’tis  from  Fact  rather  than  from  Theory  and  Speculation 
wc  muft  deduce  the  moft  certain  Confequences  in  this  or  any  other 
Employ. 

Vitruvius , Lib.  8.  Cap.  6.  as  hinted  at  in  the  laft  Chapter,  writes, 
“ That  the  Romans  allow’d  for  the  Channels  or  Sewers  of  their 
“ Aqueducts,  for  every  Hundred  Foot,  running  half  a Foot  of 
“ Declination  or  Sloping,  ( which  is  near  Twenty  leven  Foot 
u *n  a Mile,  and  if  any  Hills  were  in  their  Way,  they  dug 
“ through  them,  making  Vents  to  give  Air  at  convenient  Diftances, 
“ not  being  appriz’d  in  that  early  Dawn  of  Hydroftaticks,  that  if  you 
a would  confine  your  Spring  in  Leaden  Pipes,  it  would  (as  the  Re- 
“ verend  Dr.  Defaguliers,  in  his  Elements  of  Natural  Philofophy , has 
u it)  rife  over  Hill  and  Dale,  if  the  Spring-head  were  fo  high  as  to 
cc  over-top  them,  proper  Allowance  being  made  for  Fri&ion,  and  the 
“ Interpofition  of  Air  f which  may  be  let  out  by  Wind-Cocks,  as  fome 
Authors  have  taught. 

The  fo-much-f un’cl  Aqueduct:  of  Claudius , as  is  alfo  before  fet 
down,  was  ( as  the  ever  memorable  Mr.  Addifon  informs  us,  in  his 
Travels  into  Italy,)  five  Foot  and  a half  in  a Mile,  but  whether 
that  ingenious  Gentleman  means  Italian  or  English  Miles , does  not  fo 
plainly  appear ; but  if  the  latter.  Experience  tells  us  it  is  an 
Allowance  large  enough,  even  though  it  were  not  to  be  above  a Foot 
F'all  in  a Thoufand. 

Varennius , in  his  Geograph.  General.  Prop.  xxvi.  Rag.  268.  re- 
lates from  fome  French  Writers,  That  the  Seine,  out  of  which’ the 
Water  is  carried  from  the  Armory  at  ‘Paris  to  the  Royal  Garden  is 
fcarce  one  Foot  Fall  in  Five  Hundred  Fathom,  every  Fathom  being; 
fix  Foot ; now  500  being  multiply ’d  by  fix,  the  Produce  is  3000 
Foot,  which  is  half  a Mile,  and  260  Foot  if  accounted  in  the  EuglitJj 
Way,  by  which  it  appears,  that  that  Fall  is  about  two  Foot  in  a Mile  • 
But  later  Experience  tells  us,  that  Water  will  defeend  in  lefs  than 
that. 

The  Water-Courfe  at  Plymouth  is,  as  I am  inform’d,  but  five  Inches 
in  a Mile  Fall  ; and  that  which  I made  fome  Years  fince  for  the 
Earl  of  Coningsby,  is  about  four.  The  new  River,  as  I am  inform’d 
by  my  ingenious  Acquaintance  Mr.  Mills,  now  chief  Surveyor  of 
that  Work,  who  took  it  at  feveral  Places  with  great  Care,  is,  in  the 
Mean,  but  between  three  or  four  Inches  Fall  in  a Mile  • ’though  in 
fome  Places  it  is  more,  others  lefs : And  I remember  to  have  read 
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fometime  fince  in  fome  of  Sir  Jonas  Moores  Works,  that  he  allow’d 
but  three  Inches  ; and  the  fame*  is  practis’d  in  the  Fenns  of  Lincoln 
and  Cambridge  Shires,  where  the  Water  is  almoft  on  a deadifh  Flat ; 
but  the  general  Allowance  is  four  Inches  and  a half  by  all  Ingineers. 

To  conclude  this,  The  conducing  of  Water  varies  according  to  the 
Conveyances  in  which  you  carry  it.  Water  conveyed  in  Pipes,  efpe- 
cially  if  they  are  ftnall,  requires  more  Dependance  than  any  other 
Way,  on  the  Account  of  the  Fri&ion  that  there  is  againft  the  Sides 
of  the  Pipes,  as  well  as  the  Wind-boundednefs  that  is  generally 
therein,  of  which  more  is  faid  elfewhere.  That  which  is  convey’d  in 
Drains’  will  pafs  more  eafily  and  free ; but  Water  palling  in  an  open 
Carriage,  will  pafs  the  freed  of  all,  except  the  Winds  are  againft  the 
Stream,  becaufe  of  that  continual  Agitation  and  Impulfe  that  there  is 
in  the  Air.  But  of  this  more  in  another  Place. 

But  to  come  to  Pradice : Suppofe  that  the  Length  you  are  to 
convey  the  Water  is  1000  Yards,  and  the  Fall  from  the  Spring-head 
to  the  Refervoir  or  Houfe  is  twenty  five  Foot  nine  Inches,  and  it 
ftiould  be  required  to  know  how  many  Inches,  or  Parts  of  an  Inch, 
muft  be  given  to  every  Yard  or  Pole,  in  order  to  give  this  Water  its 
proper  and  gradual  Defcentor  Fall. 

In  the  firlt  Place,  you  are  to  turn  the  twenty  five  Foot  nine 
Inches  into  Inches,  which  makes  309  3 but  that  not  being  reduc’d  into 
Terms  low  enough  to  be  divided,  divide  by  the  1000  , the  309  muft 
be  again  multiply’d  by  12,  to  bring  it  into  Lines  or  Parts  of  an 
Inch,  the  Produce  of  which  is  37®^?  as  *s  "in  the  Example. 

F.  In. 

25  : 9 

12  : o 


200  : o 

9:0  y 


30  9 : o 
12  : o 


37°8  ••  o 


Which  being  divided  by  1000,  the  Number  of  Yards  contained 
in  the  Length,  the  Quotient  will  be  three  Lines  of  a Line, 

which  is  near  3 Lines  i,  or  a Quarter  and  * of  an  Inch  3 however, 
you  may  give  it  a Quarter  and  half  Quarter,,  which  is  four  boot 
feven  Inches  in  a Mile,  and  haye  to  fpare  and  to  anfwer  for  any 
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Error  or  fmall  Miftake  that  may  happen  in  the  Execution  of  the 
faid  Work. 

Suppose  farther,  that  the  Length  of  this  Fall  of  twenty  five  Feet 
nine  Inches,  be  four  Miles  and  a Quarter,  and  it  is  requir’d  to  know 
how  many  Feet  or  Inches  it  is  proper  to  alfdiw  in  a Mile,  or  any  Part 
or  Quantity  of  a Mile. 

First  reduce  the  four  Miles  and  a Quarter  into  Quarters  of  a 
Mile,  which  making  nine  by  fuch  Multiplication,  divide  the  twenty 
five  Feet  nine  Inches  by  nine,  and  the  Quotient  is  the  Anfwer. 

EXAMPLE. 

Fe.  In. 

25  : 9 
12:0 


9)  3 °9  : o (34  i 
3 9 '■  o 

34  : 3 

And  the  Anfwer  is  34  j or  2 Foot  10  Inches  f,  and  fo  much  muff 
be  allowed  for  the  Fall  in  a Quarter  of  a Mile,  which  is  one  Foot 
five  Inches  in  a Furlong,  and  a little  more  than  one  Line  or  one 
twelfth  of  an  Inch  to  a Pole,  and  eleven  Foot  and  a half  in  a whole 
Mile  a very  good  Dependance  for  the  Paffage  and  Conveyance  of 
Water  where  it  can  be  had. 

But  there  are  other  Things  to  be  confidered,  in  relation  to  the 
Conveyance  of  Water  in  Pipes,  I mean  thofe  of  Fridtion,  Wind-bound- 
ednefs,  &c.  becaufe  as Marriot  and  his  ReverendTranflator  obl'erve,  (and 
that  from  curious  Experiments,)  that  Water  never  riles  to  its  own  Le- 
vel, on  Account  of  the  Fridtion  that  is  on  the  Sides  of  the  Pipes, 
which  Fridtion  increafes  the  longer  the  Diflance  is. 

Now  toadjuft  this  Stoppage  or  Fridtion  as  near  as  may  be,  the  general 
Rule  amongit  Workmen  is  to  allow  one  Eighth  of  the  Height  for  the 
Interruption  or  Hindrance  it  meets  with  in  its  long  Paffage. 

So  that  if  the  Defcent  from  a Spring-head  to  the  Refervoir  be 
128  Foot,  you  are,  according  to  this  general  Rule,  to  divide  it  by 
eight,  and  the  Produce  will  be  fixteen;  which  fhews  that  the  Water 
will  not  rife  fo  high  as  the  Spring-head  by  fixteen  Foot. 

But  Monfieur  Marriot  (to  whom  fo  much  is  owing  for  his  Ex- 
periments in  Hydroffaticks,)  has  brought  this  Matter  to  a more  exadt 
Calculation,  producing  it  as  a certain  general  Rule,  that  the  'Dif- 
ference of  the  Height  in  Jets , or  he  might  have  faid  in  other  Words, 
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the  Defcent  of  the  Water  from  its  Head  to  the  Refervoir  or  Tlace 
ajfigned  for  the  Reception  of  it,  is  in  a Subduplicate  Ratio  of  its 
Height-,  and  though  ’tis  certain  that  that  ingenious  Gentleman  made 
ufe  of  this  Rule  to  demonftrate  the  Rife  of  Jets  in  open  Air,  and 
as  external  Air  has  undoubtedly  a greater  Effed  on  the  Rife  of 
Water,  than  the  Fridion  againft  the  Sides  of  the  Pipes,  we  may- 
be the  more  fure,  that  if  there  be  any  Error,  it  is  on  the  right  Side, 
and  that,  without  any  great  Deviation  from  Truth,  it  may  be  applied 
to  the  Fridion,  that  is  in  enclos’d  Pipes. 

But  to  proceed  upon  the  Foot  of  the  foregoing  Rule,  it  is,  as 
may  be  feen  Rat^.  270.  of  Dr.  cJ)efaguliers> s Tranllation,  and  which 
is  confirm’d  by  undoubted  Experiments,  that  a Spring-head  five 
Foot  one  Inch  high,  will  raife  the  Water  five  Foot,  and  that  con- 
fequently  the  Fridion  that  is  allow’d  is  one  Inch  ; and  according  to 
this  Proportion  the  following  Table  is  calculated. 

A Table  of  the  Heights  to  which  Water  will  rife , proceeding  from 
Refervoirs  or  Spring-heads  of  different  Heights  ; as  alfo  frotn 
five  Foot  to  one  hundred. 


Height  of  the  Refervoir 
or  Spring-head. 

The  Height  to  which 
Water  will  rife. 

Feet. 

Inch. 

Feet. 

Inch. 

5 

1 

5 

0 

10 

4 

10 

0 

15 

9 

15 

0 

2 1 

4 

20 

0 

27 

1 

25 

0 

33 

0 

30 

0 

3 9 

1 

3* 

1 

45 

A 

1 

4° 

0 

5i 

9 

45 

0 

58 

4 

5o 

0 

65 

1 

5 5 

0 

72 

0 

60 

6 

19 

1 

65 

0 

86 

4 

70 

6 

93 

9 

75 

0 

IOl 

4 

80 

0 

ic9 

1 

85 

0 

H7 

0 

90 

0 

12) 

1 

95 

0 

133 

4 

100 

0 

It 
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It  has  before  been  obferved,  that  the  Weaknefs  of  Water  that  runs 
a great  Way,  is  a great  deal  more  in  Proportion  to  the  Length  it 
runs,  than  to  any  other  Caufe,  it  being  found  by  Experiments,  (as 
the  learned  and  induftrious  Dr. ! Defaguliers  has  it,)  that  this  Dimi- 
nution or  Weakening  of  the  Water  diminilhes  rather  in  Proportion 
to  the  Length  it  runs,  than  to  the  Fri&ion  again!!;  the  Sides  of  the  Pipes. 

But  as  this  Diminution  is  Fact,  (let  it  proceed  from  what  Caule  it 
will,)  and  as  all  Motions  decreale  in  Proportion  to  the  Spaces  through 
which  they  pafs,  it  may  not  be  improper,  before  we  quit  this  Chap- 
ter, to  endeavour  at  its  Determination  as  near  as  poifibly  we 
can,  that  we  may  come  the  nearer  to  the  Truth  of  our  Calculation, 
in  the  giving  this  requifite  Dependance  to  Water  that  is  to  run  from 
a Spring-head  to  the  Relervoir  , as  before)  in  Leaden  or , other  Pipes. 

And  fince  this  Diminution  or  Stoppage  is  (as  all  other  Motions  are) 
in  a lubduplicate  Ratio  to  the  refpeftive  Spaces  through  which  it 
palfes,  let  us  fuppofe,  that,  as  Water  that  falls  from  a Relervoir  of 
133  Foot  high,  riles  but  to  ioo  Foot  at  iooo  Yards  Diftance,  and 
that  this  Diminution  beginning  from  thencfe  increafes  gradually,  fup- 
pofe four  Inches  at  thefirfl,  and  loon,  according  to  the  aforementioned 
Ratio,  then  the  Account  may  Hand  thus  i 

A Table  of  the  'Diminution  or  Deer  cafe  of  JVater  faffing  through 

CP if  es  of  great  Lengths. 


Length. 

Decreafe. 

Y ards. 

Feet 

Inch. 

IOOO 

0 

4 

1500 

0 

9 

2 000 

1 

4 

25CO 

2 

1 

3000 

3 

0 

3 5 00 

4 

1 

4000 

5 

4 

4500 

6 

9 

5 000 

8 

4 v 

5500 

10 

1 

6000 

1 2 

0 

6 J 00 

H 

1 

7000 

1 6 

4 

7500 

18 

9 

8oco 

2 I 

4 

8500 

23 

1 

9000 

27 

0 

5>5°o 

3° 

1 

1 0000 

33 

4 
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By  which  it  appears,  that  this  Diminution  will  be  thirty  three  Feet 
four  Inches  in  ioooo  Yards,  or  about  five  Miles  and  three  Quarters, 
or  fomething  more.  And  this  teems  to  be  the  leaft  that  can  be  allow'd  j 
fo  that  were  we  to  make  an  exaft  Calculation  from  thefe  Rules  for 
the  Defcent  of  Water,  the  four  Miles  and  a half  in  Length  before  men- 
tioned, it  would  come  to  agree  pretty  nearly  with  what  I have  been  thus 
endeavouring  to  eftablifh  for  a certain  Rule,  which  will  be  vifible 
from  the  Example  following,  which  is  fumm’d  up  in  two  Lines. 

Fe.  In. 

Imprimis,  The  Friction  of  2y  Feet  4 Inches  about  2 : 2 
Secondly , The  Diminution  or  Decreafe  in 

palling  through  8000  Yards,  which  is  21  : 4 
a little  more  than  four  Miles  and  a half, 

In  all  2 3:6 


But  notwithftanding  what  has  been  faid  of  this  * Diminution  or  Stop, 
page  in  Pipes  of  Conduct,  yet  in  large  open  Aquedudts,  Rivers,  or 
Sewers,  (where  the  Friction  is  not  fenfible,)  there  will  be  no  Occafion 
for  this  great  Care  in  the  Calculation  of  this  Dependance  in  Water. 

It  is  apparent  from  what  has  been  before  advanc’d,  that  one  Foot 
in  a Mile  is  Dependance  large  enough  for  any  River,  Aquedudt,  or 
the  like  ; it  being  a confiderable  Rule  in  Hydroftaticks,  that  the  lar- 
ger the  Aqueduct  or  Pipe  of  Conduft  is,  the  lefs  is  the  Friftion, 
which  may  be  fo  enlarg’d  as  not  to  be  fenfible  at  all. 

These  Things  being  premis'd,  and  in  fuch  a plain  Manner,  that 
the  Condudter  of  Springs  may  fee  if  he  is  like  to  run  into  an  Error,  by 
attempting  at  that  which  it  will  be  impoffible  for  him  to  perfect  by 
natural  Means,  the  next  Thing  requir’d  is  the  Proceeding  on  with 
the  Work. 

When  you  are  to  convey  Waterfor  about  1000  Yards,and  have  from 
the  foregoing  Rules  known  how  much  Fall  it  is  proper  to  give  in  a Yard, 
as  is  fet  down  in  the  Example  at  the  Beginning  of  this  Chapter,  viz.  a 
Quarter  of  an  Inch,  if  you  proceed  by  the  Garden  Level  and  ten  Foot 
Rod,  which  is  as  good  a Method  as  any  : Let  your  Level  be  a little 
above  ten  Foot  long,  and  exa&ly  at  the  ten  Foot  nail  on  a Piece 

of 

* What  I would  endeavour  to  etlablifh  from  thefe  Rules,  is,  that  though  Water  in  an 
open  Sewer  or  Drain  may  pafs  at  four,  five,  or  fix  Inches  in  a Mile  Fall,  yet  if  it  be 
to  pafs  through  Pipes  of  Condudl  you  can’t  allow  it  lefs  than  five  Foot  Fall  ; and  fo 
the  Aqucdudis  of  Rome  are,  as  is  before  obferved.  I will  not  pofitively  fay,  that  Water 
won’t  pafs  at  all  in  a lefs  Allowance,  because  I have  not  had  Experience  of  it;  but  I 
will  venture  to  fay  it  will  pafs  freely,  which  is  the  fame  Thing. 
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of  Wood  of  i f of  an  Inch  thick,  and  beginning  about  a Foot  or 
two  below  the  common  Surface  of  the  Spring,  as  it  is  in  the  higheff 
and  bell  Seafons,  or  exactly  at  the  Mark  as  it  is  in  the  loweft,  keep 
that  End  of  your  Level  on  which  the  Piece  of  Wood  is  nailed  al- 
ways from  the  Spring,  and  that  will  give  thefirft  Dependance.  You 
may  if  you  pleale  turn  over  the  Level  three  or  four  times,  and  drive 
good  fquare  Stakes  down  fo,  as  that  they  may  remain  fome  Time  : 
And  if  you  can  fee  any  great  Length,  you  may  with  Boning-Staves,  with 
which  a good  Workman  ought  always  to  be  provided,  bone  quite 
through  that  View : But  if  you  are  oblig’d  to  go  winding,  then  you 
mult  turn  your  Level  over  and  over  again,  and  your  Level  fhould 
be  fo  conducted,  as  that  the  Stakes  may  Band  juft  upon  the  Brow  of 
the  natural  Ground,  that  your  Pipe  may  not  lie  within  above  three 
Foot  of  the  Surface ; or  if  it  be  an  open  Sewer,  you  may  not  break 
up  above  two  or  three  Foot,  nor  dig  above  two  or  three  Foot  deep 
in  all  Sideling  Ground. 

To  effeft  the  fame  by  the  Water  or  Spirit-Level,  you  are  to 
Band  at  the  Spring-head,  and  having  turn’d  yourlnflrument  on  the 
hanging  Level,  or,  in  other  plainer  Words,  on  the  Hang  of  the  Hill 
where  the  Water  is  to  pals,  let  your  AffiBant  fet  forwards  with 
a ten  Foot  Pole  or  Rod  in  his  Hand,  and  holding  his  Hand  at  about 
four  or  five  Foot  high,  and  let  him  move  up  and  down  the  Hill  till 
the  Level  exa&ly  flrikes  the  Alfiflant’s  Hand  ; and  if  you  can  c arry 
it  ftrait,  let  this  be  feventy,  eighty,  ninety,  or  ioo  Yards,  more  or 
lefs,  allowing  the  Quarter  of  an  Inch  to  a Yard  Fall-,  as  is  before 
ipecify’d,  which  fuppofe  to  be  eighty  Yards,  you  are  to  allow  ten 
Inches  lower  to  your  Gauge-Stake,  and  bone  in  new  Pins  or  Stakes 
at  every  fifteen  Foot  afunder  ; from  which  Gauge  you  are  to  dig 
your  Cut  three  Foot  deep  to  lay  your  Pipes  in  ; or  if  it  be  a bank’d 
River  or  Sewer,  you  are  to  throw  your  Stuff  in  all  Sideling  Ground 
to  the  loweff  Side,  letting  this  Stake  be  in  the  Middle  of  your 
Cut,  be  it  either  of  fifteen  or  twenty  Foot,  either  of  which  are  luffi— 
cient  in  Works  of  this  Kind.  But  of  this  more  in  its  proper  Place. 

What  I have  to  obferve  more  on  this  Head,  is,  that  you  creep 
along  the  Side  or  Precipice  of  the  Hill,  if  it  be  for  an  open  Sewer 
or  Drain,  to  be  made  of  Brick  or  Stone,  and  be  as  exact  as  poffibly 
you  can  in  your  Level ; but  if  your  Conveyance  be  of  Leaden,  W ood- 
en,  or  Earthen  Pipes,  and  the  Spring  lies  fo  high  as  that  you  can 
command  any  Hills  that  lie  between  it  and  the  Houfe  or  Refervoir 
to  which  you  are  to  carry  it,  and  can  by  the  Rules  before  going 
be  fure  you  can  carry  the  Water  over  them,  you  may  go  theneareff 
W ay.  Of  which  more  in  the  next  Chapter. 
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CHAP.  VIII. 

Of  the  conducing  of  Water  by  Aqueducts,  Drains,  &c. 

RUnning  Water  conducted  in  A.quedufts  is  certainly  to  be  pre- 
ferr’d  to  Water  rais’d  by  Engines,  becaule  Repairs,  which  hin- 
der the  coming  in  of  Water, ^ are  not  fo  often  needed,  and  the  Wa- 
ter may  come  eafier  and  in  greater  Plenty  than  when  it  is  rais’d  by 
Engines,  and  is  brought  in  by  Pipes  ; befides,  the  Expence  is  ge- 
nerally larger,  both  in  the  doing  it  at  firft,  as  well  as  keeping  it 
afterwards;  and  perhaps  it  had  been  cheaper,  as  well  as  better,  for 
that  great  King  of  France,  by  whofe  Magnificence  the  Water-Works 
of  Verfailes  and  other  Parts  of  France  grew  to  fuch  a ftupendous 
Height,  to  have  conduced  the  Water  from  the  Ettre  to  the  Caftle 
of  Verfailes , though  it  fhould  have  been  twenty,  thirty,  or  forty 
Leagues  Diftance  from  that  Palace,  than  to  have  been  at  fo  extrava- 
gant an  Expence,  as  he  was  in  the  Machine  of  Marly , and  the  coftly 
AqueduCts  that  lead  therefrom  to  Verfailes ; a Work  fo  coftly,  that 
I remember  to  have  read  a fmall  Treatife,  writ  by  one  of  his  own 
Officers,  where,  though  in  an  abfolute  Monarchy,  he  dar’d  to  tax 
his  Mafter  with  Profulenefs  and  Extravagancy. 

Most  of  the  AquaduCts  of  Rome , and  fome  Water-Conveyances  in 
England,  are  not  a great  deal  fhortof  the  Diftance  that  the  Eure  was 
from  Verfailes  ; and  that  great  Prince  was  fo  fenfible  of  his  Errors,  that 
Monfieur  de  Lonvois  employ’d  the  Editor  of  Monfieur Marriot’s  Hydro- 
ftaticks,  as  he  tells  us  in  the  Preface  thereto,  to  take  the  Levels; 
and  that  at  Fointjoiu  leven  Leagues  above  Chartres , the  Water  was 
higher  by  no  Foot  than  the  higheft  Ground  about  the  Caftle  of  Ver- 
failes ; a plain  Inftance  how  greatly  that  Prince  had  mifapply’d  his 
Money. 

VITRTOVFOS,  Lib.  8.  Chap.  6.  fets  down,  that  the  Ancients,  in 
order  to  the  bringing  of  Water  to  Towns,  Cities,  &c.  after  they  had 
taken  the  Level,  they  conducted  it  three  feveral  Ways,  by  AqueduCts,. 
Pipes  of  Lead,  and  Pipes  baked  in  a Potter’s  Furnace. 

These  Aqueducts  which  brought  the  Water  to  Rome,  and  of  which 
Mention  has  been  already  made  in  the  Introdu&ion  to  this  Work, 
and  elfewhere,  are  defcrib’d  at  large  by  Fabritti , a celebrated  Archi- 
tect amongft  the  Romans,  with  Verfes  fuitable  to  fo  great  a Work  ; 
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and  the  Places  through  which  they  came  are  now  in  Part  to  be  feen’ 
both  at  Rome  it  felf,  and  in  the  Prints  that  give  an  Account  of  it  ’ 
all  which  is  very  judicioufly  collected  together  in  Montfaucori' s ele- 
gant and  noble  Defcription  of  the  Antiquities  of  that  great  and 
glorious  Metropolis. 

a The  Leaden  Pipes  were  at  lead  nine  Foot  long,  and  they  made 
cc  them  of  bended  Sheets  or  Plates  of  Lead,  of  different  Thickneffes, 
“ according  to  the  Proportion  of  the  Largenels  of  the  Pipes  ; thefe 
u Pipes  had  likewife  their  necelfary  Declination  or  Sloping,  and  if 
“ any  Valley  was  in  the  Way,  (by  an  unnecelfary  Expence  without 
<"  Doubt,)  they  made  it  equal  to  the  Level  with  a Wall;  they  like— 
“ had  many  Vents,  to  give  the  Water  Air,  and  to  know  where 

to  mend  the  Pipes.  ” And  thefe,  by  the  Defcription  given  of  them, 
are  much  ftronger  than  the  Mould  Pipes  now  made;  but  of  that  in 
its  proper  Place;  the  Purport  of  this  Chapter  being  purely  defign’d 
to  let  down  all  that  is  necelfary  as  to  the  conveying  Water  by  large 
Aqueducts,  whether  open  and  covered,  or  by  fmaller  Drains,  as  the 
next  is  for  all  Sorts  of  Piping,  whether  in  Earth,  Wood,  Lead,  or 
Iron. 

The  Ancients  (as  is  before  intimated)  chofe  rather  to  bring  their 
Water  in  large  Aquedufts,  that  were  fo  high  that  a Man  might  go 
upright  in  them,  in  order,  as  it  may  be  fuppos'd,  to  mend  the  Pipes ; 
and  had  three  or  four  Kinds  of  Water  brought  from  different  Springs, 
for  different  Ufes,  in  different  Pipes;  fo  that  the  whole  Structure  of 
their  Conveniences  for  Water,  was  of  an  immenfe  Height,  and  brought 
at  an  immenfe  Expence,  which  had  certainly  the  good  EffeCt  of 
keeping  the  Water  clean  and  pure  as  it  came  out  of  the  Spring; 
whereas  Water  that  is  brought  in  open  Carriages,  as  the  New  Ri- 
ver and  other  Waters  are,  is  fubjeff  to  be  fully ’d  by  Land  Floods, 
and  to  receive,  a Kind  of  a muddy  Earthy  Tafte  and  Tincture  from 
the  feveral  Soils  through  which  it  paffes,  in  thofe  fo  great  Diftanees 
which  it  is  generally  brought. 

But  as  thefe  are  immenfe  Expences,  and  fuch  as  are  fcarce  con- 
fident with  the  Pockets  of  any  but  the  greateft  and  molt  opulent 
Princes  and  States ; and  as  fuch  enclos'd  Aqueducts  with  Pipes,  1'orne  of 
them  but  of  a moderate  Size,  are  not  likely  to  fupply  Gardens,  and  large 
Cities  and  Fowns  with  the  Quantities  of  Water  which  are  generally 
there  wanted,  thefe  open  Carriages  are  abfolutely  necelfary,  efpe- 
cially  where  the  Property  ol  the  Ground  through  which  you 
biing  them  is  ealily  to  be  come  at,  that  I can’t  but  recommend  them 
beyond  all  enclofed  Aquedudls,  both  as  to  Cheapnefs,  and  alio  as  to 
the  Quantity  ot  Water  they  produce:  To  all  which  may  be  added, 

1 that 
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that  although  the  Water  may  be  more  fully’d,  yet  by  the  kind  Afflu- 
ence of  the  Sun  and  open  Air,  it  muft  be  fweeter,  and  ftripp’d 
of  thofe  corroding  Qualities  that  make  it  fo  injurious  to  Man,  Beaft, 
Plants,  &c.  alL  which  thrive  better  from  Water  that  is  taken  out 
of  Ponds  or  Rivers  that  run  gently,  than  out  of  cold  Springs. 

This  being  premis’d,  the  next  Thing  to  be  confider’d  is,  th Pro- 
file or  Dimeniions  of  fuch  an  open  Current  or  Courfe  of  Water:  after 
which  we  fflall  confider  the  enclofed  ones  of  more  ancient  Make, 
which  do  indeed  bring  Water  to  any  Place  clearer  and  lefs  turbid, 
arid  therefore  the  fitter  for  Drinking,  and  the  Butlers  Ufe. 

The  Depth  and  Breadth,  or,  in  other  Words,  the  Profile  of  fuch 
Carriages,  may  be  according  to  the  Quantity  of  Water  you  want,  or 
according  to  the  Supply  you  have;  though  I think  it  cannot 
well  be  lefs  than  four  or  five  Yards  wide  at  Top,  and  four 
Foot  deep,  that  there  may  be  Room  for  that  Sediment  with  which 
Water  is  naturally  endued,  by  its  running  through  Soils  of  different 
Kinds  j befides,  fuch  a Depth,  requiring  Banks  that  are  Hoping,  to 
which  you  can’t  allow  lefs  than  one  Foot  and  a half,  or  two  Foot  ho- 
rizontal for  one  Foot  perpendicular,  lefs  Width  than  that  won’t  do  ; 
but  if  it  is  defign’d  to  be  a navigable  Channel  for  larger  Boats,  then 
you  can’t  allow  lefs  than  thirty  or  forty,  as  the  Canals  that  go  between 
Town  and  Town  in  Holland  generally  are. 

You  have  been  already  told  how  to  take  the  Level  from  one  Place 
to  another,  as  alfo  how  all  Levels  are  to  be  adjufted,  with  Allowance 
for  Fridlion,  the  Interpofition  of  Air,  &c.  and  what  Fall  is  proper  to 
be  allow’d  for  the  Paffage  of  Water  from  one  Place  to  another;  it  now 
remains  that  fome  Directions  be  given  how  this  open  Carriage  or 
Drain,  call  it  which  you  will,  be  made;  in  doing  which  I have  a con- 
fiderable  deal  of  Experience. 

You  muft  be  fine,  in  the  firft  Place,  to  keep  up  as  much  as  you 
can  in  whole  Ground  ; and  by  the  Side  of  fuch  Hill  or  Valley  as 
lies  near  you,  for  that  no  Banking  can  be  fuppos  d to  be  of  equal 
Solidity  and  Security  with  fettled  Ground;  and  you  muft  be  fure  al- 
io to  clear  away  all  Sorts  Trees,  for  old  Tree  Roots  will  rot  and  let 
the  Water  out,  and  the  Roots  of  young  Trees  will  be  equally  dan- 
gerous, in  as  much  as  they  will  by  the  blowing  of  the  Wind  loofon 
the  Banks  to  that  Degree  as  that  the  Water  will  run  out  much  to  wafte 
there  : To  this  may  be  added,  that  rocky  Ground,  Fox  and  Rabbet 
Earths,  are  Soils  very  dangerous  to  make  fuch  Woiks,  as  I can  affure 
my  Reader  from  dear-bought  Experience. 

If  good  Clay  can  be  procur’d  near  at  hand,  it  is  requifite  it  fhould, 
efpecially  where  there  is  a Neceffity  of  railing  Banks  entirely  new, 
or  for  the  flopping  of  Rocks,  Fox,  or  Rabbet  Earths,  &c.  but  in  other 
t Ground 
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thing  confiderable ; but  one  of  the  chief  Cares,  will  be  to  clofe  your  Joints 
well  between  your  new  and  old  Ground,  and  when  you  build  new 
Banks  on  old  Ground,  be  fure  to  go  down  with  your  new  Clay  or 
Ballall  two  or  three  Foot  lower  than  that  Ground,  and  two  or  three 
Foot  wide,  and  always  mind  to  mix  your  old  and  new  Ground  toge- 
ther by  a Toothing,  in  fuch  a Manner  as  the  Bricklayers  do,  that 
leave  it  for  one  Brick  to  join  another. 

Sure  it  is,  that  whether  it  be  a Ballall,  or  ftrong  or  indifferent 
Clay,  ramming  is  very  neceffary,  or  by  laying  the  Strata’s  but  a 
Foot  thick,  or  thereabouts,  at  a time,  the  Labourers  may  tread  or 
wheel  over  it,  keeping  as  exadt  a Slope  towards  the  Trench  as  if  it 
was  a Garden  one ; and  in  all  hollow  Places  it  may  not  be  improper 
to  fill  them  up  with  waffe  Earth,  not  fo  much  to  fave  or  hold 
Water,  as  to  give  the  proper  Bafe  and  Support  to  the  Foot  of  the 
Bank. 

The  inward  Sides  of  the  Slope  of  the  Bank,  lfiould  alfo  be 
well  beat  with  a large  Hedge-Stake  before  you  pare  them  with 
a Spade,  which  it  is  requir’d  you  Ihould  do.  I lfiould  not  ad  vile 
to  allow  'lefs  than  fix  or  eight  Inches,  or  a Foot  in  a Mile  (if  you 
can  have  it)  Dependance  ; but  Purely  lefs  than  four  or  five  Inches 
is  ablolutely  neceffary,  notwithftanding  what  Sir  Jonas  Moore  and 
fome  others  have  noted  on  this  Head.  As  for  th zVrofile,  it  will  be 
feen  Fig.  i.  Tab.  feq. 

The  next  Method  of  conducing  Water,  is  that  ufed  by  the  An- 
cients in  their  enclos’d  Aquedudls  : But  this  is  fo  very  expenfive 
that  I lhall  not  repeat  it  here,  but  rather  refer  my  Reader  (if  his 
Curiofity  fo  leads  him)  to  the  Works  of  the  celebrated  Fabretti , 
which  are  to  be  had  in  fome  of  our  Bookfellers  Shops  • and  from 
him  Monfieur  Montfancon , who  has  given  the  Draft  of  the  famous 
Aqucdud  of  Metz,  and  other  Places ; nor  are  the  Works  of  Vitru- 
vius, Talladio,  and  other  Architects  of  Rome , to  be  paffed  by  on 
this  Occafion. 

But  to  proceed  to  thofe  Works,  which  are  made  Ufe  of  by  the 
Moderns  : 

The  firft  is,  that  of  AqueduCts  made  of  Brick  or  Stone ; in 
neither  of  which  we  run  to  that  Expence  the  Ancients  did,  not 
making,  them  fo  large,  nor  any  Way  fo  expenfive.  A Drain  of  a Foot 
fquare  in  the  Infide,  made  with  either  of  the  two  Materials,  Stone  or 
Brick,  (but  Brick  is  the  deareft,)  the  other  not  colling  above  Ten  Pence 

Twelve  Pence  a Yard,  though  at  that  Size  they  will  convey  vaft 
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Quantities  cf  Water : But  the  greateft  Inconvenience  that  attends  them 
is,  that  if  you  are  to  convey  the  Water  a-crofs  a Valleys  from  one 
Hill  to  another,  thefe  Stone  or  Brick  Drains  will  not  do  it,  and  can 
be  only  ufed  where  the  Water  is  to  run  ftrait,  oris  to  run  round  upon 
the  Precipice  or  Side  of  a Hill  upon  one  Level.  You  may,  indeed, 
make  Wooden  Troughs  a-crofs  Valleys,  as  above,  and  fupport  them 
with  a Frame  of  Wood;  but  there  are  many  Inconveniences  attends 
them,  as  the  Drought  in  Summer,  which  will  chop  and  tear  them  to 
Pieces,  fo  that  the  Water  will  be  in  Danger  of  being  loft,  or  the  Trough 
fubjeft  to  be  cut  or  broke  to  Pieces  by  ill-defigning  Perfons  j in 
all  which  Cafes  under-ground  Conveyances  in  Wooden,  Leaden,  or 
Earthen  Pipes,  are  the  belt. 

But  wherever  you  can  carry  your  Drain  ftrait,  (or  even  round,) 
and  it  be  an  eafy  gradual  Declination,  there  Brick  or  Stone  Aque- 
ducts or  Drains  are  the  cheapeft  and  belt,  efpecially  where  your 
Spring  is  large,  as  fix  or  eight  Inches  Bore ; and  then  you  muft  lay 
it  in  very  good  Mortar,  laid  in  the  Spring,  and  fuffer’d  to  dry  before 
you  turn  the  Spring  into  it,  bedded  alfo  in  Clay  ; and  when  cover’d 
over  at  Top,  as  it  ought  to  be,  with  flat  Stone,  Clay  muft  be  ramm’d 
on  the  Sides  and  Top  of  the  fame,  to  prevent  any  Effluxions  of  the 

Water. 

Bur  the  Brick  Drain  is  the  next  in  Courfe : Thefe  canft  well  be 
made  above  fix  or  feven  Inches  lquare  in  the  Infide,  becaufe  a good 
large  Brick,  with  which  the  Bottom  and  Top  is  made,  is  not  above 
nine  Inches  long,  and  it  muft  lap  over  an  Inch  on  each  Side  at  Top,  and 
at  the  Bottom  there  muft  be  a ftretching  Brick  on  each  Side,  to  fupport 
the  Side- Wall  and  Back,  or  rather  End.  The  Conftruftion  of  this 
Drain  you  will  fee  in  the  Figure  following;  where  the  Bricks  are 
placed,  Header  and  Stretcher,  in  the  Manner  they  are  when  made 
into  a Drain  ; the  middle  Brick  mark’d  a,  may  be  any  bro- 


ken Bricks:  Every  Yard  will  take  up  about  three  Quarters  ofa  Hun- 
dred of  Bricks,  which,  at  eighteen  Pence  a Hundred,  comes  to  between 
thirteen  and  fourteen  Pence,  and  the  Lime  and  Setting  may  he  worth 
about  two  Pence,  and  the  digging  and  claying  a Groat  or  five  Pence 
more,  in  all  about  twenty  Pence;  and,  perhaps,  in  Countries  where 
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Materials  and  Workmanfhip  is  cheaper,  it  may  be  done  for  fixteen 
or  eighteen  Pence  a Yard. 

But  there  is  another  cheaper  Way  of  Brick-Drain  yet ; and  that 
is  when  you  make  a Hollow  or  Semi-circle  of  two  or  three  Inches 
in  Bricks,  (about  four  or  five  Inches  thick,  and  the  ufualLength:)  Thefe 
Bricks,  when  plac’d  together,  and  when  fet  in  Terras  or  very  ftrong 
Mortar,  well  dry’d  before  you  ufe  it,  is  the  cheapeft  and  moft  dura- 
ble Method  of  any  for  conveying  Water  ; about  eight  Bricks  will  do 
a Yard,  which  Bricks  are  worth  three  Shillings  a Hundred,  the  eighth 
Part  whereof  is  about  four  Pence  Half-penny,  and  the  Digging,  Lay- 
ing,  and  Mortar,  may  be  worth  about  three  Pence  or  four  Pence 
more.  And  this  is  the  cheapeft  Method  of  all  j but  muft  be  laid  in 
Clay,  as  all  other  Drains  and  Piping  fhou Id. 

I Might  have  enlarged  a great  deal  more,  in  this  Chapter,  on  the 
Methods  which  the  Ancients  made  ufe  of  in  their  Conveyances  of  Wa- 
ter, but  that  they  are  very  plainly  defcrib’d  by  the  Editors  and 
Commentators  on  Vitruvius , and  the  other  Architects  of  Rome , /- 
taly,  and  France  ; to  which  I refer  my  Reader. 


CHAP.  IX. 

Of  the  feveral  Finds  of  Pipes  for  the  Conveyance  of  Watery 
whether  Lead , Iron , Earth,  or  Wood. 

IT  has  been  already  noted,  from  Vitruvius , Lib.  8.  Cap.  6.  “ That 
the  Ancients  had  but  two  Sorts  of  Pipes,  through  which  they 
conveyed  then  \Yatei  • the  fiift  was  made  of  Lead,  which  was  of 
sheets  nine  Foot  long,  and  turn  d in  at  Top;  ” not  unlike,  as  appears 
by  the  Deicription,  Iome  which  were  ni3.de  Iome  few  Ye&rs  3°*o  for 
thn  Rt,i?on-  George  Dodington , Efqj  one  of  the  Lords  of  His  Ma-l 
jelly's  Treafury,  at  his  fine  Seat  of  Gunville  in  Dorfetjhire , the 
Work  of  a very  ingenious  modeft  Man,  and  a a;ood  Plumber’ Mr 
Watts,  of  Brackly  in  Northampton, (bide. 

These  Pipes  are  join’d  together  without  Solder,  by  what  the  Work- 
men call  Flanckets,  which  are  Rings  made  of  Iron,  that  may  be 
Screw'd  as  tight  as  you  pleafe  at  the  Joint,  the  Nofe  of  one  Pipego- 
ing into  the  Tail  or  the  other  ; and  in  order  to  keep  the  \Yater  from 
getting  out  at  the  Joint,  there  are  (as  I remember)  proper  Bandages 
of  Leather,  that  clofeitup  by  the  Compreffion  of  the  Flanckets  un- 
der which  may  alfo  be  put  Taw  made  of  Flax  or  Hemp,  dipp’d 
cither  in  Oil,  Pitch,  or  1 allow,  which  will  make  a dole  Cement 
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to  keep  the  Water  in,  and  over  which  the  faid  Flanckets  are  fcrew’d. 
Thefe  Kind  of  Pipes  are  much  to  be  preferr’d  before  thofe  made  in 
Moulds,  in  as  much  as  they  are  caff  without  thofe  Flaws  and  Holes  that 
ofcen  happen  in  Mould-Pipes,  and  as  they  are  turn’d  in  at  Top,  and 
burnt,  (as  the  Workmen  exprefs  it,)  they  are  much  ftronger.  Nor  is 
there  that  Expence  in  Solder  (befides  many  other  Advantages  which 
I fhall  enumerate  in  their  proper  Place)  which  is  in  o:her  Pipes.  It 
is  true, they  are  dearer  than  any  other  Pipes  are, and  are  chiefly  fit  for  large 
Pockets;  but  then  they  laft  much  longer. 

But  the  cheapeft  Kind  of  Pipe,  which  is  now  ufed,  is  that 
which  is  made  of  Earth,  and  for  which  Mr.  Edwards , a 
Gentleman  of  Monmouth t has  a Patent  ; this  Kind  of  Pipe, 
Vitruvius , Lib.  8.  Cap.  6.  pr<edic.  tells  us,  were  made  by  the  Ro- 
mans of  Potter’s  Clay  two  Inches  thick,  and  were  join’d  together 
with  Mortar  mix’d  with  Oil,  and  when  they  had  a Joint  to  make, 
they  made  ufe  of  a red  Free-ftone  which  they  pierced  through  to  re- 
ceive the  two  Ends  of  the  Pipes,  and  to  ftrengthen  and  fecure  them 
in  the  Nature  of  a Bandage. 

Some  of  thefe  Pipes  have  been,  as  I am  inform’d,  found  about 
London , the  Laying  whereof,  by  feveral  Circumftances,  being  fuppo- 
fed  to  be  owing  to  that  great  People  when  they  were  Inhabitants  of 
this  Ifland  ; but  the  Joints  were  fecured  by  a piece  of  Sheet-Lead, 
which  was  wrapt  round  the  Joint,  fome  whereof  I have  been  told 
have  been  taken  up  in  Hyde-Tark,  belonging  to  the  ancient 
Water-works  there. 

Those  which  are  now  made,  and  for  which  Mr.  Edwards, 
before  mentioned,  has  a Patent,  are  not  above  half  an  Inch  thick  and 
three  or  four  Foot  long,  but  they  are  fo  exactly  made  and  fitted  in 
the  Joint  that  no  Water  canpoffibly  come  out  of  them.  They  are 
fold  from  twelve  Pence  or  two  Shillings  to  half  a Crown  a Yard,  and 
fometimes  cheaper,  according  as  they  are  more  or  lefs  in  Diameter, 
and  are  exceeding  ufeful  in  all  Places  where  they  lie  free  from  Coaches 
or  Carts  going  over  them.  They  are  alfo  fo  ftrong,  that,  according 
to  a Letter  I have  lately  feen  from  the  Patentee,  he  has  laid  a Re- 
lervoir  or  Head  of  300  Foot  high  of  Water  ; and  this,  I take  it,  is 
at  the  Right  Hon.  Mr.  Baron  Trice’ s,  in  Herefordjhire.  But  that  is 
nothing  to  what  follows  by-and-by.  But  to  proceed  : 

Besides  what  the  faid  Patentee  makes  in  the  Country,  a very  inge- 
nious Potter,  and  Neighbour  of  mine  at  Van  x- hall,  Mr.  Aaron  Mutchell 
by  Name,  makes  thofe  which  are  excellently  good,  not  only  for  the 
faid  Patentee,  but  alfo  for  any  other  Gentleman  who  may  haveOccafion 
for  them,  he  haying  been  one  of  the  firft  Inventors  of  them,  (as  he  is  alfo 
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of  fome  of  the  handfomeft  Vafes,  Flower-Pots,  and  Urns,  which 
have  been  as  yet  any  where  made,  as  ftrong,  and  equal  in  Goodnefs 
to  the  Patentee  himfelf,  though  now  he  ads  by  Agreement  under 
him. 

This  I thought  proper  to  fay,  that  Gentlemen  may  know  where 
to  find  fo  extraordinary  a Man  in  this  Bufinels. 

To  conclude : Before  I pafs  over  thefe  Sort  of  Pipes,  I can’t  but  infert  a 
Tryal  which  was  made  of  them  the  24th,  25th,  and  26th  of  July 
laft,  at  the  Fork  Buildings , before  the  Rev.  Dr.  ‘Fefaguliers , when 
they  were  fairly  try’d  with  all  the  Compreffion  of  Air  and  Water 
that  that  Engine  could  lay  upon  them,  and  without  making  the  leaft 
Fradure,  either  in  the  Pipes,  or  the  Cement  which  join’d  the  Pipes 
together;  and  this  Tryal  was  even  before  the  Plumber  of  thefe 
W orks  themfelves,  a general  Account  of  which  is  to  be  found  in  the 
the  Evening  Toft  of  Auguft  1,  laft.  All  which  I mention,  be- 
caufe  though  they  are  certainly  ufeful  in  the  conduding  of  any 
depending  Water,  yet  I could  not  (from  any  Thing  I had  ever 
oblerved  of  this  Kind  ) promife  they  would  be  ftrong  enough  to  bear 
the  forcing  of  the  Engine. 

These  Kind  of  Pipes  are  made  of  a Clay  equal  to  that  of 
which  the  Tiles  of  the  ancient  Romans  were  made,  are  alfo  ufed 
in  the  Infides  of  the  Walls  of  Houfes,  and  are  affix’d  likewife  to 
the  Outfides  of  the  fame,  in  the  Manner  as  Lead  is,  even  from  the 
lower  to  the  uppermoft  Floor;  and  receive  and  difeharge  the  Water 
from  the  Roof  and  Gutters  of  fuch  Houfes,  as  effedually  as  any 
Pipes  made  of  Lead  or  Wood,  and  are  fold  fora  fixth  Part  of  the 
Value  of  Lead,  and  more  than  one  half  of  what  Wood  cofts. 

This  new  Invention,  or,  at  leaft,  this  great  Improvement  of  an 
ancient  one,,  is  of  fo  great  a Ufe  to  the  Publick,  that  I thought  I 
could  not  do  better  than  enlarging  on  it. 

But  to  proceed : There  are  many  other  Sorts  of  Pipes  which  have 
been  ufed  by  the  Moderns,  which  were,  as  appears  by  what  Vitru- 
vius has  wrote  upon  this  Subjedt,  entirely  unknown  to  the  Ancients 
fuch  are  thofeof  Wood,  as  Alder,  Elm,  Oak,  Beech,  andiron,  (the? 
laft  of  which  are  ufed  in  France  more  than  any  where,)  but  till  of 
late  have  found  little  Footing  in  England. 

Pites  made  of  Alder  are  the  cheapeft  of  all,  though  not  the 
ftrongeft,  the  Wood,  Boring  and  all,  being  not  worth  above  Tern 
Pence  or  Twelve  Pence  a Yard;  but  the  Diameter  of  fuch  Pipe 
is  generally  but  fmall,  an  Inch  and  a half,  or  two  Inches,  being 
the  utmoft  Bore  it  is  capable  of  having,  nor  is  it  ftrong  enough  to 
h bear. 
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bear  much  Force,  but  only  to  condud  a little  Spring  any  fmall 
Length,  and  upon  a gentle  Current. 

In  and  about  London , the  Pump  and  Pipe-Makers  ufe  Firr  for 
Pipes,  where  the  Stream  is  not  great,  which,  as  it  bores  eafy,  fo  it 
is  cheaper  than  that  of  Elm  ; but  then  it  is  not  fo  ftrong  nor  fo  du- 
rable as  Elm  Pipe  is,  and  is  fit  only  for  Works  where  neither  the 
Rife  nor  Declivity  are  either  of  them  great. 

Elm  Pipe  is  the  next  I fhall  mention,  as  being  much  flronger 
than  any  of  the  former,  and  of  known  Ule  for  the  conveying  of  Wa- 
ter, and  for  that  it  will  lie  longer  under  Ground,  and  in  the  Wet 
and  Water  than  any  other  Sort  of  Wood  Pipe  (Oak  excepted)  will. 
No  w as  thefe  are  generally  made  of  fmall  T rees  and  Saplings  of  different 
Dameters,  the  Prices  will  be  different,  becaufe  thereby  they  will 
be  either  flronger  or  weaker,  and  confequently  bear  a greater  or 
leffer  Force,  proceeding  either  from  the  Force  or  Lifting  of  a Wheel, 
or  the  Cylinderical  Weight  of  Water  which  lies  upon  them  where 
Refervoirs  lie  high  • and  it  is  for  Want  of  Care  and  due  Obfervation 
in  this  Kind  of  Piping,  that  Water- Works  often  mifcarry  where  the 
Bores  are  larger  than  they  ought  to  be,  and  the  Outfide  or  Shell 
too  thin,  efpecially  in  veiny  crooked  Trees. 

Elm  fit  for  Pipes  may  be  cut  down,  hewed,  or  bored,  from  eight 
Pence,  ten  Pence,  twelve  Pence,  to  fixteen,  eighteen,  or  twenty  Pence 
a Yard  running,  Timber  and  all,  five  Penceor  fix  Pence  a Yard  Boring 
being  a fufficient  Allowance.  But  for  the  quicker  Expedition  of 
this  Work,  I have  given  the  Draught  of  an  Engine  for  boring  by  Wa- 
ter, which  will  be  exhibited  in  its  proper  Place. 

I have  examined  the  Prices  of  Elm  Pipes  about  London , and  find, 
as  hinted  before,  that  they  are  according  to  the  Thicknefs  or  Strength 
of  the  Pipe,  which  ought  to  be  either  more  or  lefs,  according  to  the 
Weight  they  are  to  fuflain. 


The  following  Prices  are  taken  on  a Medium,  being  Sizes  of  Pip 
which  are  generally  ufed. 


7 Inch  Pipeh 
6 Inch  Pipe  I 
5 Inch  Pipe  ' • 
4 Inch  Pipe  { 
g Inch  Pipe  J 
z Inch  Pipe_> 
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may  be  all  had  at  Mr.  He  wit’s,  and  other  Pump-Makers,  in 
and  other  Places  on  the  Bank-Side . 
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Those  who  have  the  moft  to  fay  againft  Elm  Pipe,  urge,  that  there 
is  a great  Wafte  of  Water  at  every  Stroke  of  the  Engine,  which  for- 
ces theWater  with  great  Violence  through  the  Pores  of  the  Tree  : But 
this  I take  to  be  an  Eafe  to  the  Work,  and  not  at  all  different  from 
Nature,  but  is  rather  a Relief  than  a Burthen  to  the  Machine  and 
the  Paffage  of  the  Water  in  the  Pipes,  which  is  very  often  in  clofer 
Bodies  fo  Wind-bound,  that  it  won’t  pafs.  There  is  another  Conveni- 
ence which  attends  thefe  and  all  other  Wooden  Pipes  ; and  that  is,  that 
you  may  at  any  Time,  when  Pipes  are  Wind-bound,  which  they  often 
are,  when  they  lie  long  unus’d  in  the  Ground,  that  then  you  may 
bore  a Hole  at  the  very  Place  where  you  perceive  the  Stoppage  to  be ; 
which  is  what  you  can’t  fo  well  do  in  thofe  other  Pipes  which  are 
made  of  Metal. 

Another  Sort  of  Elm  Pipe,  which  is,  I conceive,  as  ftrong,  if  not 
ftronger,  and  more  durable  than  the  former,  is  made  fquare,  and  of 
Elm  Plank,  the  Contrivance  of  a late  worthy  ingenious  Gentleman 
and  Friend  of  mine,  Jobn-Thyrle  Ernby,.  Efcp  of  IV bet  ham,  near 
Sandy- Lane,  IVilts , on  the  Road  to  the  Bath. 

The  Boards  of  which  thofe  Pipes  are  made  are  generally  about 
ten  Inches  fquare,  and  an  Inch  and  three  Quarters  thick,  but  you  may 
have  them  of  a Foot  or  fourteen  Inches  fquare,  but  then  they  muff 
be  two  Inches,  or  two  Inches  and  a Quarter,  or  two  Inches  and  a half 
thick. 

The  Sides  are  to  be  well  groov’d  into  the  Bottom  and  Top,  and 
the  Joints  are  to  be  well  pitch’d,  or  fluff’d  with  Tow  or  Hemp 
dipp’d  into  Pitch  and  Tar,  to  keep  the  Water  from  oozing  out ; af- 
ter which  they  are  to  be  banded  or  collar’d  at  about  five  or  fix  Foot 
afunder,  with  Collars  or  Bands  made  of  Elm  Slabbs,  or  Planks,  cut 
out  of  the  Sides  of  the  Elm,  and  this  will  be  ftronger,  more  natu- 
ral, and  more  durable  than  any  other  Bandages  are,  and  will  fave 
Iron  Hoops,  which  are  expenfive. 

A Board  or  Boards  of  ten  Inches  fquare,  will,  when  groov’d  in  at 
Bottom  and  Top,  make  a fquare  Pipe  about  four  Inches  and  a half, 
or  five  Inches  fquare,  which  laft  is  near  equal  to  a circular  Pipe, 
whofc  Diameter  is  fix  Inches. 

To  proceed  in  the  Work,  be  provided  with  Taw,  or  coarfe  Hemp,, 
as  alfo  Pitch  and  Tar,  and  dipping  the  Taw  or  Hemp  into  the  Tar, 
put  it  into  the  Groo  ve  or  Joint,  and  then  let  the  Workmen  knock  the 
Boards  together  in  the  Groove,  with  all  the  Might  and  Strength  they 
have,  it  being  in  theClofenefs  of  this  Joint  that  the  Security  of  the 
Water  in  the  Pipes  conlifts,. 
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This  done,  put  on  the  Collar  or  Bandage,  one  at  each  Joint,  the 
Boards  being  about  nine  or  ten  Foot  long,  and  another  Collar  in  the 
Middle,  putting  the  fmall  End  of  one  (fo  made,  as  you  do  in  Elm 
Pipe  which  is  bored)  into  the  great  End  of  the  other. 

Hence  follows  an  Eftimate  of  the  Expence  of  this  Kind  of  Pipe,  or 
rather  Trough,  which  I recommend  more  than  that  which  is  bored;  for 
that  in  the  hrft  Place  it  is  ftronger,  and  may  be  made  five,  fix,  or 
feven  Inches  fquare,  which  will  carry  more  Water  than  bored  Elm 
Pipe  of  the  fame  Diameter  will. 

In  the  next  Place,  there  is  lefs  Depopulation  and  Wafte  in  cut- 
ting, (a  few  large  Elms  at  full  Growth,  being  fufficient  for  thisPur- 
pofe;)  whereas  when  you  cut  them  down  fmall  there  is  a great  Wafte 
made.  And,  in  the  laft  Place,  it  being  ail  Heart,  it  will  not  be  fo 
lubject  to  break  or  burft  as  Elm  bored  will. 

Here  follows  the  Expence  of  330  Tards  running , which  I my  felf 
can  fed  to  be  made  in  the  fame  County  of  Wilts. 

j.  d.  q. 

For  20  Tun  of  Timber  at  30  Shillings  per  Tun,  30  : o : o 
Felling  and  Flewing  of  ditto,  at  8 Shillings  perTun,  8:0:0 
For  330  Yards  of  Workmanfhip,  at  4 Pence  per  Yard,  ^ : 1 1 : o 
For  Nails,  Tar,  Taw,  or  Hemp,  Banding,  Collaring,'' 
and  Laying  included,  at  3 Penee  per  Yard, 

47  : 13 : 6 


By  which  it  appears,  that  the  whole  330  Yards  comes  to  forty  fe- 
ven Pound  thirteen  Shillings  and  fix  Pence 3 which  being  reduc’d 
into  Shillings,  Pence,  and  Farthings,  and  divided  by  the  faid  330 
Yards,  it  comes  to  about  two  Shillings  and  ten  Pence  a Yard  3 whereas 
Lead  Pipe  of  fuch  a Dimenfion  would  coft  at  leaf:  twenty  Shillings 
a Yard,  and  bored  Elm  five  or  fix  Shillings.  But  I have  fince  found 
that  lour  Pence  a Yard  is  too  little  for  the  Workm-anlhip  by  two  Pence, 
and  fo  it  will  coft  juft  three  Shillings  a Yard,  which  I take  to  be  a 
very  reafonable  Price. 

One  of  the  laft  Kinds  of  Piping  which  is  generally  made  of  Wood, 
is  Beech,  which  being  of  a more  firm  and  folid  Contexture,  and  lels 
porous  than  Elm  or  Oak,  will  lie  under  Ground  longer  than  either 
of  them,  as  may  be  feen  in  all  Mill- Work,  in  which  this  Wood  is 
muchufed  3 but  like  many  otherWoods  has  an  Inconvenience  attend- 
ing it,  that  it  bores  pretty  hard,  is  brittle,  and  not  fo  tough  grain’d 
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as  Elm  or  Oak  is  ; befides,  the  Boughs  don’t  run  lb  ftrait,  gene- 
rally fpeaking,  as  Elm  does,  and  therefore  the  Shell  of  it  ought  to 
be  very  thick,  not  lefs  than  five  or  fix  Inches  to  keep  it  from  burft- 
ing  ; and  in  luch  a Cafe  the  Bulk  or  Dimenfions  of  it  ought  to  be 
twelve  or  fourteen  Inches  diameter,  one  with  another,  when  you  may 
venture  at  a Pipe  of  two  or  three  Inches  Bore ; and  though  its  fome- 
thing  difficult  to  bore,  yet  the  Water  will  be  lefs  fubjedt  to  ooze 
out,  than  at  any  of  the  others,  Oak  itfelf  not  excepted. 

This  Sort  of  Piping,  the  Property  of  the  Wood,  digging  the 
Trench,  Boring,  Laying,  Claying,  and  Banding,  will  be  worth 
three  Shillings,  or  three  Shillings  and  fix  Pence  per  Yard,  for  a Bore 
of  four  Inches,  and  fo  on  proportionably  lefs,  as  the  Wood  or  the 
Bore  is  lefs  : But  then  it  muft  be  obferved,  that  it  is  the  neareft  the 
Goodnefs  of  Lead  of  any  that  is  a four  Inch  Pipe,  which  Lead  will 
coft  fifteen  or  fixteen  Shillings;  as  will  by-and-by  be  let  more 
plainly  appear. 

The  very  laft  Kind  of  Wooden  Pipe  is  Oak,  which  indeed  is  very 
ftrong,  and  lafts  a great  while,  there  being  fome  Trees  of  that  Kind 
which  (under  my  Supervifal)  were  dug  out  of  the  Foundations  of 
Blenheim- Bridge,  that  were,  though  as  black  as  Ebony,  yet  as  found 
as  Brazil  it  felf,  and  might  in  all  Probability  have  no  other  Date 
than  that  of  the  Deluge  itfelf.  But  as  the  Limbs  are  generally 
crooked,  and  that  all  the  young  Bodies  together,  with  the  whole 
Timber  itfelf,  is  too  good  for  thofe  Purpofes,  I fliall  omit  faying  any 
Thing  more  on  this  Head. 

The  next  Piping  to  be  mentioned,  are  thofe  made  of  Potters  Earth, 
of  which  I have  faid  fomething  already.  There  are  two  Kinds  of 
thefe  at  leaft : They  are  of  two  Thickneffes  in  the  Shell  ; the  firfi: 
being  the  moll  in  Ule  in  the  Country,  is  not  above  the  Thicknefs  of 
two  Crown-Pieces  at  moll  ; but  this  is  fo  thin,  that  it  is  fit  only  to 
convey  Water  a little  Way  were  the  E'all  is  not  great.  Thefe  may 
be  bought  in  many  Places  of  the  IVeji  for  fix  Pence  a Yard. 

The  other  is  the  new-invented  ones  already  nam’d,  which  never- 
thelefs  are  not  above  half  an  Inch  thick  in  the  Shell,  more  being, 
according  to  the  Opinion  of  the  Potters  which  make  them,  entirely 
ufelefo,  at  leaft  they  can’t  burn  them  fo  well. 

These  are  excellent  Pipes  when  glaz’d  in  the  Infide,  as  they 
ought  to  be,  to  keep  Water  fweet ; and  how  they  will  do  in  Force- 
Work  has  been  already  fet  down. 

There  is  a Complaint  made  againft  them,  how  true  I know  not, 
That  there  is  a Weed  apt  to  grow  at  the  Place  where  they  arc 
jointed  together,  the  Fibres  of  which  are  apt  to  choak  the  Pipe  up : 
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But  this,  if  true,  may  certainly  be  prevented,  if  you  put  on  a thin 
Bandage  of  Lead  round  the  Joint,  or  if  you  put  a Collar  of  Stone 
or  Wood,  to  ftrengthen  them,  you  may  prevent  that  Mifchief. 

The  Manner  of  mending  them  when  broke,  has  been  another  Ob- 
jection which  has  been  brought  againft  them  ; for  if  the  Joint  be 
made  of  fuch  a Cement  as  that  the  Pipe  will  rather  break  any  where 
than  there,  it  does  not  feem  ealy  to  tell  how  they  are  to  be  amended. 
Now  in  anfwer  to  this,  the  Joints  that  I have  leen  at  my  ingenious 
Neighbour’s  at  Vaux-hall , fhoot  fo  clofe  together,  that  there  is  lit. 
tie  Occafion  of  any  Cement  ; but  when  they  do,  Taw  dipp’d  in  Pitch 
and  Tar,  or  any  other  Cement  of  that  Kind,  will  effectually  flop  it, 
at  leaf!,  the  Lofs  of  Water  will  not  be  great  where  the  Supply  is  any 
thing  large,  and  then  they  may  be  uncollar’d  and  mended  at  Plea- 
fure.  But  of  this  more  in  the  Notes  on  this  Book. 

There  is  one  Thing  to  be  obferv'd,  which  is  certainly  true,  and 
that  is,  that  they  won’t  do  in  High-ways  and  Streets,  where  Carriages 
and  Coaches  are  to  crofs  them,  but  on  all  other  Accounts  they  are 
excellent  Pipes,  and  a cheap  Conveyance. 

Of  all  the  Sorts  of  Piping  for  the  Conveyance  of  Water,  that  of 
Lead  is  preferable,  (efpecially  thole  which  are  made  of  Sheet-Lead, 
and  burnt  at  Top,)  were  it  not  for  the  Expence,  whether  we  confider 
them  as  being  more  pliable  to  lay  up  and  down  Hill,  as  they  are 
eafier  and  more  firmly  jointed  to  one  another,  or  as  they  are  as  du- 
rable as  any  other,  and  if  well  call  of  a much  clofer  Contexture. 

In  Pipes  of  Condud,  and  where  Water  is  conveyed  a great  Way, 
the  Diameter  ought  to  be  fix  or  feven  Inches,  but  four  or  five  Inches 
at  leaft,  becaufe  in  Pipes  of  that  Size  there  is  lefs  Friction  and  Wind- 
boundednefs  than  in  thefe  which  are  fmaller,  and  confequently  the 
the  Water  will  flow  the  better  and  rife  up  to  the  Height  of  its  firft 
Head  more  regularly,  and  in  greater  Quantities. 

It  muft  indeed  be  own'd,  that  a Pipe  of  Condud  of  fo  large  a 
Dimenfion  as  I have  juft  now  been  naming,  is  fuch  an  Expence,  that 
few  Noblemen  or  Gentlemen  are  willing  to  be  at  the  Expence  of^ 
efpecially  in  very  great  Lengths,  where  the  Expcnce  is  almoft  im- 
menle;  Pipes  of  that  Kind,  without  a Shell  of  Thicknefs  propor- 
tionable to  it,  being  worth  from  twenty  five  to  forty  Shillings  a 
Yard,  according  to  the  Height  of  the  Refervoir,  or  the  Force  they 
are  obliged  to  fuftain. 

A Pipe  of  Condud  therefore  of  the  cheapeftKind,  muft  be  at  leaft 
four  Inches  and  a half  or  five  Inches  Diameter,  and  this  will  coft 
at  leaft  fixteen  or  eighteen  Shillings  per  Yard.  This  has 
been  the  Occafion  that  in  many  Places  they  have  reduc’d  their  Pipes 
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of  Conduct  to  three  Inches  Diameter,  which  is  indeed  too  little, 
though  thereby  the  Expence  is  reduc'd  to  about  ten  or  twelve 
Shillings  per  Yard,  according  as  the  Price  of  Lead  is. 

It  will  be  to  little  Purpofe,  for  me  to  urge  that  Pipes  are  dearer 
or  cheaper  in  Proportion  to  their  Dimenhons  and  Thickneffes,  and 
confequently  to  the  Price  of  Lead,  and  the  Allowance  in  Weight 
which  is  made  to  every  Foot  or  Yard;  but  the  following  is  a Cal- 
culation made  for  a Perfon  of  Quality,  for  whom  I have  had  the  Ho- 
nour to  be  employ’d  ; and  where  Lead,  Calling  and  all,  is  reckon- 
ed at  twenty  two  Shillings  per  Hundred. 

To  a Pipe  of  three  Inches  Bore,  there  is  allowed  forty  five  Pounds 
a Yard;  and  this  is  worth  about  nine  or  ten  Shillings  a Yard,  when 
Lead  is  worth  from  twenty  two  to  twenty  five  Shillings  per 
Hundred  Weight,  allowing  for  Wafte. 

To  a Pipe  of  two  Inches  three  Quarters  forty  Pounds  is  allowed, 
which  is  worth  between  eight  and  nine  Shillings  a Yard. 

To  a Pipe  of  two  Inches  and  a half,  thirty  fix  Pounds  is  allowed, 
and  then  it  is  worth  about  feven  or  eight  Shillings  a Yard  ; but  it 
would  not  be  amifs  to  add  five  Pounds  more  to  every  Yard,  though 
it  aggravate  the  Expence  fomething. 

To  a Pipe  of  two  Inches  Diameter  thirty  Pound  of  Lead  is  al- 
lowed, which  is  worth  about  fix  Shillings  per  Yard. 

But  of  all  the  Pipes  made  of  Lead,  of  what  Size  foever,  thofe 
which  are  join’d  together  by  Flanchets  (as  has  been  already  intima- 
ted in  the  Beginning  of  this  Chapter)  are  the  beft,  which  may  eafily 
be  taken  up,  and  fcour’d  or  cleans’d,  whenever  the  Owner  pleafes: 
Becaufe,  as  Marriott  e truly  obferves,  there  is,  even  in  the  fineft  Wa- 
ter, a Sediment,  which  will  in  time  petrify,  incruftate,  and  grow 
hard,  and  will  flop  up  the  Pipe,  which  can  never  be  clean’d  again 
where  Pipes  are  folder’d  together  at  the  Joints  with  Solder,  as  Pipes 
generally  are.  And  this  is  one  (amongft  fome  other  of  the  Misfor- 
tunes,) which  attend  all  Water-Works,  and  is  the  Occafion  of  their 
being  fpoiled. 

I Have  already  mentioned  fomething  concerning  the  Lead  which 
is  proper  to  be  allowed  to  Pipes  in  general,  according  to  the  Pro- 
portion or  Diameter  of  their  Holes : But  when  Reiervatories  are 
very  high,  or  Water  is  rais’d  by  an  Engine  to  great  Heights,  or  car- 
ried to  great  Diftances,  there  Pipes  of  Condudt  are  in  Danger  of  be- 
ing often  broke,  if  the  Shell  is  not  thick  enough,  efpecially  up  and 
down  Hills,  and  through  deep  Valleys;  and  it  would  give  a Man 
a good  Deal  of  Uneafinefs,  after  he  had  been  at  great  Expence,  if 
his  Pipes  lhould  happen  to  burft  through  the  Defect  of  the  Solder, 

R 2 or 
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or  the  Weaknefs  of  the  Pipes.  At  the  fame  time  Care  fhould  be 
alfo  taken,  on  the  other  hand,  not  to  make  them  thicker  than  is 
abfolutely  necelfary,  fince  a fmall  Addition  in  long  Lengths  would 
greatly  enhance  the  Price. 

But  it  is  proper  we  fhould  underhand  from  Experience,  (as  well 
as  from  what  Marriott  e,  and  others,  have  delivered  on  this  Head,)  that 
the  Thicknels  of  the  Metal,  or  Shell  of  the  Pipes,  be  increas’d  or 
diminilh’d  in  Proportion  to  their  Diameters,  the  Heights  of  the  Re- 
fervoirs  from  which  the  Water  falls,  or  the  Height  to  which  it  is 
to  be  rais’d  by  Engines,  and  laft  of  all,  the  Lengths  or  Diftance 
which  Water  is  to  be  carried  ; all  which  adds  to  its  Cylinderical 
Weight,  and  confequentiy  the  greater  Thicknefs  of  Metal  in  the 
Pipes. 

For  Example,  according  to  Marriotte , when  a Refervoir  is  fixty 
Foot  high,  and  the  Pipe  three  Inches  Diameter,  the  Metal  mull:  be 
half  a Line  in  Thicknefs,  which  is  the  twenty  fourth  Part  of  an 
Inch  ; but  as  this  ingenious  Author  undoubtedly  means  Copper, 
which  is  harder,  ftronger,  and  of  a clofer  Contexture  than  Lead,  I 
fhould  not  advife  lefs  in  fuch  a Cafe  than  three  or  four  whole  Lines, 
which  is  one  third  or  one  fourth  Part  of  an  Inch ; and  to  a Refer- 
voir too  or  120  Foot  high  a whole  Inch,  becaufe  of  its  great  Fleight. 

If  the  Pipes  are  both  wider  and  higher,  then  the  two  Proportions 
muft  be  alfo  obferved:  Thus  if  a Pipe  comes  from  a Height  of 

fixty  Foot,  and  the  Diameter  be  fix  or  eight  Inches,  you  muft  take 
the  half  Line  in  Copper,  or  rather  three  Lines,  or  the  Quarter  of 
an  Inch  in  Lead,  becaufc  of  its  Fleight  of  fixty  Foot;  and  for  the 
Thicknefs,  you  muft  work  by  the  Rule  of  Three , faying,  If  nine, 
the  Square  of  three  Inches , requires  three  Lines  thick  of  Metal \ 
Mmt  will  thirty  fix , the  Square  of  fix  Inches , require  ? 

EXAMPLE. 

As  9 is  to  3,  fo  is  36  to  a 4th  Number  requir’d. 

3 

9)  108  (12  Lines  is  the  Anfw . 

18 

So  that  a Pipe  of  fix  Inches  Diameter,  when  it  comes  from  a 
Refervoir  fixty  Foot  high,  fhould  be  twelve  Lines,  or  one  Inch  thick  ; 
near  or  according  to  which  the  following  Table  is  calculated. 

But 
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But  before  we  come  to  it,  there  is  another  Thing  to  be  deter- 
mined, and  that  is  the  Diameter  of  the  Adjutages  ; a Piece  of  Know- 
ledge that  undoubtedly  belongs  to  this  Head. 

The  ingenious  Author  of  the  Theory  and  Tract  ice  of  Gardenings 
fays,  that  it  may  be  taken  for  a certain  Pviile,  that  the  Bore  of  the 
Adjutage  ought  to  be  four  Times  lefs  than  the  Diameter  or  Bore  of 
the  Pipe  of  Condud,  that  is,  they  fhould  be  in  a Quadruple  Pro- 
portion thereto,  fo  that  the  Column  of  Water  may  be  proportiona- 
ble, and  the  Quicknefs  of  the  Motion  in  the  Pipes  may  be  equal : 
Befides,  as  is  elle where  obferved,  there  is  too  great  a Fridion  and 
Wear  in  fmall  Pipes,  when  the  Quill  is  too  big,  and  in  the  Bore  of 
fmall  Quills  when  Pipes  are  too  large : All  this,  I fay,  likewife  de- 
pends on  Calcul  ations  of  this  Kind,  which  will  necelfarily  be  included 
in  a Table,  where  the  Diameter  of  Pipes  of  Condud,  Thicknefs  of 
Metal,  &c.  are  contain’d. 

Agreeable  to  what  I have  before  obferved,  the  Calculations  Mar - 
riotte  has  made  on  this  Head,  are  undoubtedly  for  Copper,  Lead  be- 
ing not  fo  much  us’d  in  France  as  it  is  with  us  in  England , efpecially 
in  Time  of  War,  when  they  have  none  but  what  they  get  from  our 
good  Friends  and  Allies  the  2 'Hitch.  On  this  Account  I thought  it 
was  proper  for  me  to  pitch  upon  a Pattern  of  a Lead  one,  which  fhould 
determine  all  that  is  requir’d  on  this  Subjed  ; which  I have  done  from 
a Pattern  in  the  Wefts  (the  Work  of  a very  good  Plumber  at  Hunger- 
fords)  which  by  all  good  Judges  is  accounted  a mod  excellent  one. 

The  Pipe  is  four  Inches  Diameter,  which  is  generally  fuppofed 
to  be  a good  Pipe  of  Condud,  (though  in  fome  Cafes  more  is  re- 
quir’d,) and  about  equal  to  the  Expence  that  mod  Noblemen  and 
Gentlemen  are  willing  to  be  at. 

The  Thicknefs  of  the  Metal,  which  is  of  Lead,  is  fix  Lines,  or  half 
an  Inch:  To  regulate  then  the  Thicknefs  of  other  Metal  to  it, fay, 

as  before,  If  fxteen7  the  Square  of  four  Inches , requires  fix  Lines  -y 
how  much  does  thirty  fix , the  Square  of  ftx7  require  .? 

EXAMPLE. 

1 6 : 6 : 3 6 

6 

1 6)  zi6  (13  ^ is  the  Anfwer. 

It 

8 

By 
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By  rejecting  the  Fraftion  it  appears,  that  the  Thicknefs  of  the 
Metal  requires  to  be  thirteen  Lines,  or  one  Inch  one  twelfth : And 
from  this  it  is  that  I have  form’d  the  Column  concerning  the  Thick- 
nefs of  Metal  in  Pipes,  which  is  (I  take  it,  without  any  confiderable 
Variation)  agreeable  to  Truth,  which  exprefles  alfo  the  Height  that  the 
Water  coming  from  the  Refervoir  will  rife.  Here  follows  the  Table. 


Height  of  the  Diameter  of 
Refervoir.  j the  Pipes. 

Thicknefs  of 
the  Metal. 

Diameters  of 
the  Adjutages. 

Height  the  Water 
will  rife  to. 

Feet. 

Inch. 

Inch.  Lines. 

Lines. 

Lines. 

Parts. 

Feet; 

Inch. 

Joo 

0 

7 00 

Hi 

16 

1 2 or 

U 

80 

00 

86 

4 

6 00 

14 

00 

12 

14 

70 

00 

72 

0 

Si  00 

12 

13 

10 

12 

60 

00 

58 

4 

5 00 

9, 

9 

8 

10 

Jo 

00 

4? 

4 

4p  00 

7{ 

8 

7 

08 

40 

00 

33 

0 

3 00 

6 1 

7 

7 

00 

30 

00 

21 

4 

2t  00 

5i 

6 

61 

00 

20 

00 

I? 

9 

2;  OO 

4 

5 

6 

00 

ij 

00 

IO 

4 

O 2; 

3i 

4 

5 

00 

10 

00 

J 

1 

O 22 

3 

3i 

4 

00 

J 

00 

Thus  far  of  the  Diameters  of  Pipes  of  Conduct,  Thicknefs  of 
the  Metal,  Diameters  of  the  Adjutages,  &c.  as  are,  or  ought  to  be 
proportionate  one  to  another.  But  if  any  Gentleman  has  a Mind  to 
have  his  Pipes  of  Conduct  larger  than  any  above  mentioned,  he  may; 
the  Ufe  of  this  Table  being  chiefly  calculated  for  all  proportio- 
nate Pleights. 

What  I have  to  add  to  this  Chapter,  is,  to  give  fome  Account 
of  Iron  Pipes,  which  are  now  growing  into  great  Ufe,  and  are,  in 
refped  to  their  Cheapnefs,  the  beft  Pipes,  Clay  excepted,  which  are 
now  made,  efpecially  if  the  Metal  is  well  proportioned  and  melted. 
But  it  muft  be  obferved,  that  the  Calling  of  them  very  fmall  is  no 
great  Advantage,  the  bell  Sizes  being  from  feven  or  eight  to  five, 
four,  or  three  Inches  Diameter  ; the  flrft  of  which  will  coft  about 
twenty  Shillings  a Yard,  which  is  a great  deal  cheaper  than  Lead  ; and 
the  laft,  from  ten  or  twelve  to  fifteen  or  fixteen  Shillings,  or  perhaps 
cheaper,  as  they  are  more  or  lefs  in  Bulk  and  Diameter. 

These  Kind  of  Pipes  are  the  mott  durable  of  any  yet  mention’d  : 
They  are  call  about  two  Yards,  and  fometimes  three  Yards  long,  and 
that  but  feldorn : They  arejoin’d  together  by  Flanchets,  as  may  be 

feen 
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^en  in  the  Water-works  ox\  London- Bridge,  or  as  I have  before  defcrib’d 
thofe  . which  are  made  at  Mr.  Dodington's  of  Lead,  as  I have  been 
well  inform’d,  by  a very  ingenious  Gentleman,  if  well  made,  will 
laft,  as  it  were,  for  ever. 

This,  and  all  Foundery-Works  of  this  Kind,  are  well  perform’d 
and  Gentlemen  may  expedb  to  be  dealt  well  with,  by  Mr.  Bowen 
at  his  Foundery  near  Marigold- St  airs,  Southwark , where  Garden- 
Rowlers,  Pallifadoes,  and  other  call  Iron-Works,  are  to  be  had.  And 
fo  much  as  to  Pipes. 


CHAP.  Xj 

Rejwvws , Bafins,  Sec.  the  Method  of  making  them,  their 
Conftruttion,  proper  Extent , Depths,  and  other  Dimenfions. 

WE  are  told  by  Vitruvius , Lib.  8.  Cap.  6.  “ That  the  Me- 
“ thod  the  Ancients  us’d  in  making  their  Walls  and  Cifterns 
“ to  receive  Rain  and  other  Water,  was  under  Ground,  and  of  a ve- 
‘‘  1]  large  Extent;  and  Walls  were  built  on  the  Sides  and  at  the 
‘ Bo“°m  WIth  Mortar  made  of  ftrong  Lime,  Sand,  and  Pebbles, 
well  beaten  together;  ” Claying  not  being,  it  may  be  fuppofed, 
lo  jell  known,  or  to  be  had  in  fuch  Quantities  as  now  it  is. 

“ the^>  %s  our  oft-quoted  ancient  Author,  they  made  feve- 
ral  one  after  another,  through  which  the  Water  was  to  pafs,  to 
a the  End,  that  the  Sediment  might  remain,  (if  any  there  was)  in  the 
hrft  and  fecond,  and  fo  that  when  the  Water  was  arrived  at  the 
“ k miSht  be  clear.  They  likewife  put  Salt  into  their  Ciftern- 
“ Water  to  make  it  more  fubtle. 

In  this  Manner  alfo  were  the  remarkable  Cifterns  of  Rofelayn 
mad o,viz.  with  no  other  Materials,  as  has  already  been  intimated 
than  Gravel  and  fmall  Pebbles  confolidated  together  by  a ftrona; 

tenacious  Cement,  perhaps,  fuch  as  Terrafs-Mortar,  or  the 
like.  7 

, ceyaj  it  is,  that  too  great  Care  can’t  be  taken  in  making 

thole  uleful  Refervatories,  as  daily  Experience  Ihews,  efpecially  if 
it  be  upon  a dry  Gravel  or  Sandy-Bank,  and  is  to  lie  above  Ground 
as  is  ewdent  from  that  very  handfome  one  behind  his  Grace  the  Duke 
oi  Chandois  s intended  Building  near  Cavendifjj- Square  ; where  the 

Expence 
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Expence  of  making  and  fitting  it  (with  how  great  Succefs,  I can’t 
tell)  has  doubtlefs  been  very  great. 

With  us  in  the  Weft  (from  whence  this  is  wrote,)  every  Plough- 
man and  Shepherd  is  able  to  make  good  Refer voirs  or  Ponds  for 
holding  of  Water;  Clay  alfo,  that  is  good,  abounding  much  with 
us.  The  Method  of  doing  which  I lhall  lay  down  by-and-by, 
when  I have  faid  fomething  as  to  the  TrofUe  and  Difpofition  of 
thefe  Refervoirs,  and  the  Manner  how  they  are  built  in  feveral 
Places. 

As  to  the  Form  of  which  thefe  Refervoirs  or  Bafins  are  made,  it 
is  of  no  great  Confequence,  though  a Square  or  an  Oblong  are  as 
good  Figures  as  any : And  as  to  the  Extent,  it  is  undoubtedly  ac- 
cording  to  the  Quantity  of  Water  which  is  requir’d,  ioo,  iyo, 
or  200 Foot  fquare,  being  fufficient  in  moft  Cafes;  though  for  large 
Cities, Towns,  t§c.  300,  400,  or  <500,  is  not  more  than  enough:  But 
the  deeper  they  are,  the  better ; contrary  to  the  Pra&ice  of  fome 
that  I have  lately  obferv’d,  which  have  not  been  above  three  or 
four  Foot  deep,  when  I judge  they  ought  to  be  from  feven  or 
eight  to  ten  or  twelve  Foot  deep,  that  the  Water  may  fettle  the 
better  ; and  the  Bottom  fliould  be  fill’d  two  or  three  Foot  high, 
with  large  Gravel-Pebbles  ; by  which  Means  the  Sediment  will 
have  Room  to  lodge  and  fettle  therein,  and  this  Bottom  lhould  be 
well  Clayed,  and  lie  lower  by  three  or  four  Foot  than  the  Bottom 
of  the  Aqueduct  that  brings  the  Water  in,  for  the  Purpofes  before 
mentioned. 

If  the  Refervoir  be  but  fmall,  as  fifteen  or  twenty  Foot  over, 
then  I would  advife  the  Section  of  it  to  be  made  Coniodical  ; be- 
caufe  by  this  Shape  it  will  happen,  that  the  Prelfureof  the  Water  on 
the  Pipe  of  Conduct  will  be  regular  and  uniform,  from  the  Begin- 
ning to  the  End  of  the  going  out  of  the  Water. 

By  this  Conoid  a l Form  it  is,  that  Archimedes , in  fome  excellent 
Propofitions  of  his,  in  his  two  Books  de  Injidentibus  Humido,  demon  - 
ftratesthe  Gravitation  or  Prelfureof  Fluids  one  upon  another,  which 
was  alfo  followed  by  Gallileo , Torricelli , and  others. 

To  thisPurpofe  alfo,  Marriotte , in  his  Rules  for  the  Meafuring 
of  fpouting  Waters,  through  Adjutages  of  different  Bores,  TJifcourfe 
hi.  Tatr.  185-.  of  the  Eughft  Edition  of  his  Hydroftaticks,  fets 
down  a very  curious  Problem,  which  he  fays  Torricelli  has  not  un- 
dertaken to  refolve,  though  he  propos’d  it.  This  Problem  is,  to  find 
a Velfel  of  fuch  a Figure,  that  being  pierc’d  at  the  Bottom  with  a 
fmall  Hole  (when  the  Velfel  is  fmall,  but  larger  as  a Velfel  or  Re- 
fervoir is  larger,)  that  the  Water  lhould  go  out,  its  upper  Surface  de- 
lcending  from  equal  Heights  in  equal  Times. 
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Let  it  be  a Conoidal  Figure,  Fig.  i.  Tab.  feq.  where  BL  is  to 
B N as  the  Square  fquared  of  N O,  and  B N to  B H as  the  Square 
fquared  of  N O to  the  Square  fquared  of  H K,  and  fo  on  : The 
Water  will  defcend  from  A D G in  an  uniform  Manner,  till  it  comes 
to  the  Hole  at  B.  For  let  B P be  the  mean  Proportional  betwixt 
B D and  B IT,  fince  the  Square  fquared  of  K H and  of  D G are  to 
each  other  as  the  Heights  B H,  BD,  the  Squares  of  H K,  D C, 
will  be  in  a fubduplicate  Ratio  of  BH  toBD;  or  as  the  Heights5 
B P,  B D.  But  the  Velocity  of  the  Water  that  goes  out  at  B,  &by 
Reafon  of  the  Preflure  of  the  Height  B D,  is  to  the  Velocity  of  that 
which  goes  out  by  Reafon  of  the  Preflure  of  the  Height  B H in  a 
fubduplicate  Ratio  of  B D to  B H,  that  is  to  fay,  as  B P to  B D : 
Therefore  the  Velocity  of  the  Water  defeending  from  H,  is  to  the 
Velocity  ol  the  Water  defeending  from  D,  as  the  Square  of  H K 
to  the  Square  of  D C : But  the  circular  Surface  of  the  Water  at  H 
is  to  the  circular  Surface  of  the  Water  at  D,  as  the  Square  of  H K 
to  the  Square  of  DC;  therefore  they  will  defcend  and  run  out  one 
as  faft  the  other : And  if  the  Surface  ADC  runs  out  in  a fecond 
the  Surface  GHK  will  run  out  in  a fecond  likewife,  lince  the  Quan- 
tities are  as  the  Velocities. 

The  fame  Thing  will  happen  to  the  other  Surfaces  at  E and  F 
&c.  but  the  Hole  nruft  in  all  minute  Cafes  be  very  Anal],  that  no 
confiderable  Acceleration  may  be  made,  and  that  the  Water  may 
not . go  throughout  the  Hole  fenfibly,  but  in  a Proportion  to  the 
Weight.  A Veflel  of  this  Model,  fays  the  ingenious  Marriotte 
may  ferve  for  a Clepfydra  or  Water-Clock  ; and,  1 add,  for  any  Re- 
fervoir for  fupplying  and  playing  Fountains  or  any  other  Water- 
works in  Gardens,  or  for  the  regular  Diftribution  of  Water  for  the 
Ufe  of  any  City  or  Town  ; and  is  ftill  the  more  ufeful  and  proper  to 
be  made,  when  the  Spring  rifes  near  the  Place  where  the  Water  is  to 
be  us'd,  as  does  that  of  Longleat  in  [Viltjbire , the  Seat  of  the  RAht 
Honourable  the  Lord  Vifcount  JVeymouth,  and  other  Places.  & 

The  Section  or  RrofiL e of  a Refervoir  being  thus  fet  down  per- 
taining as  it  does  to  thofe  only  which  are  narrow  and  deep  as  ad 
Refervoirs  muft  be,  which  are  made  on  the  Side  of  a Hills  and  near  a 
Spring,  it  will  be  requifite  that  I inform  my  Reader,  that  the  Struc- 
ture of  fuch  Refervoir  or  Ciftern  be  of  Stone  or  Brick,  fince  there  is 
no  working  of  Clay  to  ftand  in  fo  perpendicular  a Manner  as  the  Fi- 
gure deferibes.  But  when  we  come  to  make  Refervoirs  of  that  great 
Extent  which  they  often  are,  this  ‘Profile  or  Section  can  be  of  no 
great  Ufe,  nor  can  the  Figure  of  it  be  followed, 

S It 
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It  is  more  to  the  Purpofe  then,  that  we  lay  down  a fhort  Account 
of  thofe  Rules  which  are  neceffary  to  be  obferv’d  in  the  Frofile  and 
Difpofition  of  Refervoirs  that  are  made  of  Clay,  and  the  Methods 
of  Digging,  Picking,  Gleanfing,  Beating,  or  Ramming  of  that  ufe- 
ful  Material. 

The  Slopes  then  on  each  Side,  and  at  the  Ends  of  any  Refervoir, 
if  the  fame  be  made  of  Clay,  which  is  by  much  the  cheapeft  of  any 
Material  wherewith  Refervoirs  or  Ponds  are  ulually  made,  fhould 
be  at  lead;  three  Foot  horizontal  to  one  Foot  perpendicular,  that  they 
may  ftand  well,  and  not  be  fo  fubject  to  Mouldering  So  that  if  a 
Relervoir  be  feven  or  eight  Foot  deep,  which  I would  by  all  means 
ad  vile  in  Works  of  this  Kind,  the  Balls  of  the  Slope  ought  to  be  twen- 
ty eight,  thirty,  or  thirty  two  Foot ; the  Frofile  or  Se&ion  of  which 
fee  Fig.  z.  Tab.  feq.  and  the  Banks  fhould  be  freed  of  all  Trees 
and  other  Incumbrances,  which  are  apt  to  tear  the  Banks  by  the 
Rocking  and  Blowing  of  the  Winds.  As  to  what  relates  to  the 
Time  of  making  Refervoirs,  the  Digging,  Picking,  Gleanfing,  and 
Ramming  of  the  Clay,  take  the  following  Rules : 

The  bell  and  moft  proper  Seafon  for  digging  of  Clay  and  making 
Refervoirs,  and  other  Water-Works  of  this  Kind,  is  generally  about 
Michaelmas , after  the  firft  Rains  have  fallen  ; for  then  the  Clay 
works  well,  and  the  Sealon  is  coming  on  to  be  cool,  and  in  fuch 
a Manner  that  you  may  expect  the  Rains  will  fill  your  Work,  in 
cafe  your  Supply  fhould  be  precarious. 

The  Shape  of  the  Refervoir  or  Pond  being  firft  made,  you  are 
to  dig  your  Clay,  and  ufe  it  immediately  ; otherwife  you  will  be 
oblig’d  to  water  it.,  which  will  fpoil  it : And  you  fhould  be  very 

careful  to  pick  it  clean  of  all  large  Stones,  Sand-Holes,  and  Veins, 
and  to  throw  out  all  fuch  Parts  of  it  as  any  way  degenerates  from 
the  general  Mafs  or  Vein  of  Clay  you  dig. 

Your  ftrong  reddilh.  or  yellow  Clays  are  accounted  belt ; but  there 
are  white  and  blue  Clays  which  are  as  tenacious  as  any  of  the  for- 
mer, though  they  may  not  be  fo  du&ile,  nor  work  fo  well.  The 
Weft-Country  Pond-men,  as  I have  very  lately  obferved,  chufe  that 
Sort  of  Clay  that  has  fome  fmall  Parts  of  Pebbles  or  Gravel  in  it  ; 
becaufe,  fay  they,  it  rams  the  better.  Clays  run  often  in  Veins  ; but 
if  you  dig  it  in  Pits  where  it  lies  deep,  the  deeper  you  generally  go, 
the  better  and  ftronger  the  Clay  is. 

Assoon  as  ever  you  have  found  that  which  is  good,  and  it  is 
dug,  carry  it  to  the  Place  where  there  is  Occafion  for  it,  and  ufe  it 
immediately,  before  the  Sun  and  Air  has  harden’d  it  fo  that  it  won’t 
work  : But  if  you  haye  not  an  immediate  Occafion  for  it,  cover  it 

over 


3 


U°t fates 


7>?"  # fawna/p  8r£. 


Cftr-ges 


‘Jo 


r/^7 <Pw  „f  7>  r/srr«.,'  fa/w/j,  sl,fa«/% . ' 

<@L  M.  ^ 


fa'  <-faeafae-  <Y  / — 


^Zp/nd  Jc  tt/p  {7 


of  Hydroftaticks  and  Hydraulicks.  iq)1 

over  with  long  moift  Horfe-Dung,  or  wet  Hay,  or  Thatch  • and 
when  you  bring  it  to  the  Place  where  it  is  to  be  ufed,  begin ’in  the 
very  Middle  or  Center  of  the  Bottom  of  the  Pond,  where  you  are  to 
lay  it  thicker  than  ordinary ; and  fo  work  every  Way  from  it,  tread- 
ing and  beating  it  well  as  you  go  with  Inftruments,  which  I fhall  °dye 
a more  large  Account  of  by-and-by. 

It  has  been  much  difputed  amonglt  Workmen,  and  there  is  a Kind 
of  Uncertainty  in  all  the  Books  I have  read  on  this  Subject,  how 
thick  Clay  lhould  be  laid,  without  telling  us  in  what  Manner  it  ou^ht 
to  be  wrought,  fome  allowing  a Foot,  fome  a Foot  and  a half  and 
others  more,  for  the  Thicknel's  thereof : Nor  do  they  mention  ’what 
is  practis'd  amongft  Workmen,  namely,  the  laying  it  not  all 
at  once,  but  in  two  diftinct  Layers  of  about  fix  or  eight  Inches  thick 
at  molt. 

When  you  have  begun  in  the  very  Center  or  Middle  of  the  Re- 
fervoir,  as  above  mention’d,  and  laid  it  there  about  fix  or  eight  Inches 
thick,  you  may  throw  the  Horfeheads  or  large  Spits  of  Clay  to°ether 
juft  as  they  are  dug  out  of  the  Pit,  only  picking  out  the&  large’ 
Stones,  or  any  Veins  ol  Sand  you  can  find  therein  • having  alwavs 
at  hand  a large  heavy  Beater  or  Beetle,  fuch  a one  as  you  cleave  Wood 
withal,  and  with  that  work  it  well  together  ; and  having  done  a 
Yard  or  two  at  a Time  in  that  Manner,  you  are  to  have  &ready  at 
hand  another  fiat  Beater,  fuch  as  thofe  you  beat  Grafs  with  • ^ or 
Avhich  is  better,  let  it  be  made  in  the  Manner  which  a hard  Brulh  is’ 
made,  wherewith  Maid-Servants  rub  their  Rooms,  but  a ftrono-er  Han- 
dle, and  in  the  Head  thereof  fix  four  or  five  ftrong  Iron  Teeth  which 
will,  as  it  were,  cut  or  fcratch  a-crofs  the  Joints,  to  prevent  any  open 
Chaim  or  Crack  that  would  otherwife  be  there  : Which  done  take 
Rich  a Rammer  as  Paviors  ufe,  (though  it  need  not  be  quite  fo  hea 
vy,)  and  imooth  it  oyer.  This  done,  you  had  beft  lay  a little  long 
Dung,  Hay,  or  Thatch,  as  before,  to  keep  the  Clay  from  cracking 
till  you  come  on  with  your  fecond  Coat. 

The  firft  Coat  being  laid  quite  over  in  the  Manner  thus  directed 
you  are  to  ftrow  fome  flack’d  Lime  all  over  it  • for  this  won't  only 
corroborate,  and  make  the  Clay  grow  hard  and  dry,  and,  as  it  were 
almoft  impenetrable,  but  it  will  prevent  the  Worms  from  working  in 
the  Clay,  as  our  Pond-Makers  in  the  Weft  tell  me. 

This  done,  you  are  to  begin  again  in  the  Bottom  the  fame  Thick- 
nefs  as  you  did  at  firft,  and  work  every  Way  from  the  Center  pro- 
ceeding in  the  fame  Manner  as  you  did  before,  taking  Care,  above  all  to 
break,  join,  or  clofe  the  Clay  well,  as  by  the  Inftrument  with  Teeth  you 
may  very  well  do ; and  you  will  have  this  Certainty  in  doing  the  Work 
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over  again,  that  if  there  fhould  be  the  leaft  Crack  or  Perforation  in 
one  Layer,  the  other  coming  over  it  again  will  fill  it  up,  and  fup- 
ply  the  Place  that  may  be  occafion’d  by  fuch  a Default. 

Upon  the  upper  Coat  of  all  you  are  to  put  a little  more  Lime 
and  Chalk  mix'd  together,  and  ram  it  on  three  or  four  Inches  thick.; 
by  which  Means  it  will  incorporate  into  the  Clay,  and  make,  as  it 
were,  one  l'olid  Body,  which  you  may  pitch  with  Flint  Stones,  if 
there  be  Occafion,  that  is,  if  Cattle  have  Egrefs  and  Regrefs  thereto 
for  Drinking.  However,  all  Refervoirs,  if  they  are  not  Wharfed  with 
Wood,  Brick,  or  Stone,  (which  I would  not  advife  as  being  very  ex- 
penfive)  ought  to  be  pitch'd  a Foot  or  two  below  the  high  Water- 
Mark,  to  prevent  the  Walhing  away  of  the  Clay  on  the  Sides  of  the 
Relervoir ; as  alfo  the  Working  of  Moles,  Mice,  and  other  Vermin, 
that  fpoil  the  Banks. 

There  are,  who  are  fo  exaft  as  to  lay  a third  Laying  or  Coat  of 
Clay  over  the  other  two,  and  of  the  fame  Thicknefs,  viz.  fix  or  eight 
Inches  : And  this  is,  indeed,  a very  commendable  Way,  and  very  ne- 
ceffary  in  Grounds  that  are  of  a dry,  gravelly,  husky  Nature.  .One  of 
this  Kind  I remember  to  have  been  concern'd  at  myfirft  fetting  out 
in  Pond-Work  in  Effex,  which  ran  out  fo  fall  till  the  Pores  of 
the  Earth  were  fated,  that  an  Engine  which  was  three  Days  and 
Nights  employ'd,  could  Pearce  keep  it  full,  fo  that  certainly  three 
Times  Claying  is  much  more  fecure,  and  the  Expence  not  much 
larger.  The  Digging  and  Claying  of  a Refervoir  or  Canal  twice  is 
worth  about  twelve  Pence  a Yard  fuperfical ; and  if  they  were  to  be 
Clayed  a third  Time,  it  would  not  be  above  three  Pence  a Yard 
more  : But  then  all  the  Clay  muftbe  brought  to  the  Place,  the  Carri- 
ao-e  of  it  being  fo  uncertain  that  no  Undertaker  can  well  tell  how 
to  do  it.  Bin  I know  fome  of  our  Head  Weft-Country  Pond-Men 
have  had  eighteen  Pence  a Yard  for  two  Layers  of  Clay.  only.. 

It  has  been  already  advifed  that  the  Bottom  Ihould  be  fill’d  with 
Gravel,  Pebbles,  or  the  like;  which  lying  upon  the  Chalk,  will 
contrad  the  Sediment  and  Slime,  which  naturally  comes  along  with 
Water,  and  will  make  it  look  more  pure  and  clear. 

A n d I have  farther  very  lately  oblerved,  that  the  Pond-Men  in 
the  Weft  do  not  pitch  their  Filh-Ponds  fo  much  as  they  ufed  to  do 
heretofore,  but  lay  fix  or  eight  Inches  of  Chalk  upon  the  Clay,  which 
is  better  for  all  Sorts  of  Fifh  than  pitching  : The  Filh-Ponds  on 
Black-Heath  are,  as  I am  told,  bottom'd  with  Heath. 

I have  alfb  already  mention'd  the  Method  the  Ancients  us'd  in 
having  Cifterns  one  within,  and  often  below  one  another,,  that  Water 
which  was  foul,  might  be  ftrain’d  through,  and  leave  its  Sediment 
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in  its  Paflage  through  them ; but  what  I would  recommend  in  this 
cafe,  and  what  is  much  cheaper,  is  Hills  of  the  finefb  Sand  you 
can  conveniently  procure,  fuch  as  in  its  own  Nature  it  is  not  fubjedt 
to  be  dirty.  When  the  Water  comes  in,  then  let  it  be  at  one  End, 
having  three  or  four  of  thefe  Sand-Banks  lying  a-crofs  our  Refer- 
voir,  give  the  Water  Time  to  fibre  through,  and  let  the  Pipe  which 
is  to  fupply  your  Fountains  lay  at  the  farther  End,  fo  may  you 
exped  to  have  your  Water  clear,  and  there  Sand-Banks  fhould  lie 
and  be  above  the  Surface  oftheWaer,  when  it  is  highed  of  all. 

I have  already,  I think,  mentiond  that  about  Michaelmas  is  the 
mod  proper  Time  for  fuch  Works,  in  as  much  as  the  Weather  is  then 
the  cooled,  and  that  there  is,  in  Cafe  of  any  dubious  Want  of  Water, 
diffident  Time  for  the  Riling  the  Pond  ; but  the  Winter  or  Spring,  or 
indeed  any  other  Part  of  the  Year  will  do  as  well,  provided  you  dig 
your  Clay,  and  ufe  it  immediately,  and  that  you  have  a River,  a drong 
Spring,  or  fbme  very  good  Engine  to  fill  it : But  you  mud  beware  of 
Frods,  and  of  the  drying  cutting  Winds  of  March , which  do  more 
Hurt  to  new  Ponds,  than  any  other  Variation  or  Change  of  Weather 
does.  What  relates  to  the  making  Refervoirs  for  Ponds  with  Brick 
or  Stone,  I fhail  fet  down  elfewhere. 
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Chap.  I.  Pace  6.  Line  if. 

N D that  the  Architett  has  al- 
lowed five  Foot  in  a Mile  for 
the  Hefcent  or  Current  of  the 
Water.  Upon  a fecond  Re- 
vifal  of  this  Paffage,  and  the 
2d  Edition  of  Mr.  Addifon's 
'Travels,  I find  it  is  five  Foot  and  an  half 
in  a Mile  Fall,  that  th t Romans  allowed  for 
the  Conveyance  of  their  Water  in  their  A- 
quedudts  and  enclofed  Pipes  ; which  is  near- 
ly agreeable  to  what  has  been  allowed  in 
the  Chapters  going  before;  efpeciaHy  in  all 
great  Lengths,  where  the  Friction  is  conii- 
derable.  And  this  Paffage  of  Mr.  Addifon's 
confirms  anObfervation  made  in  this  Trea- 
tife,  That  it  was  by  this  Means,  viz.  by  go- 
ing back  a good  Way,  that  the  Romans  could 
take  up  their  Water  from  what  Height  they 
pleafed,  without  the  Expence  of  finch  an  En  ■ 
gine  as  Marli. 

Chap.  I.  p.  io.  1.  41.  It  rnufl  be  confeffed 
that  we  are  not  yet  anived  to  that  Grandeur 
in  our  Garden  Waterworks  in  England , as 
they  are  in  France  or  Italy,  &c.  Mr.  Addi- 
fon,  whofe  Remarks  on  Men  and  Things 
has  been  fo  juftly  admired,  fays,  p.  4f.  of 
the  late  Edition  of  his  Travels , that  though 
the  Italians  fall  (hort  of  the  French  in  their 
Gardens,  yet  that  it  mud  be  faid,  to  the  Ho- 
nour of  the  Italians , that  the  French  firll 
took  from  them  the  Plans  of  their  Gardens, 
as  well  as  Waterworks;  fo  that  the  fur- 
paffing  of  them  at  prefent  is  rather  to  be  at- 
tributed to  the  Greatnefs  of  their  Riches, 
than  the  Excellence  of  their  Talle.  The 


Cafcades  of  Italy,  which  are  generally  na- 
tural, or  contrived  agreeable  to  it,  are  cer- 
tainly fome  of  the  nobleft  in  the  World. 
The  Rofea  Rura  Velini , which  Virgil  men- 
tions in  his  7th  JEneid , is,  according  to 
Mr.  Addifon,  a wonderful  Thing:  “ The 
“ Channel  of  the  River  lies  high,  and  is 
“ fhaded  on  all  Sides  of  it  by  a green  Fo- 
“ reft,  made  up  or  feveral  Kinds  ot  T rees, 
“ that  preferve  their  Verdure  all  the  Year. 
“ The  neighbouring  Mountains  are  cover’d 
“ with  them;  and,  by  Reafon  of  their 
“ Height,  are  more  expofed  to  the  Dews 
“ and  drilling  Rains,  than  any  of  the  ad- 
“ jacent  Parts,  which  gave  Occafion  to  the 
“ Poet’s  Rofea  Rura  (or  dewy  Country.) 
“ The  River,  fays  our  oft-quoted  Travel- 
“ ler,  runs  extreamly  rapid  before  its  Fall, 
“ and  rufhes  down  a Precipice  of  an  hun- 
“ dred  Yards  high,  throwing  itfelf  in  the 
“ Hollows  of  a Rock,  the  Bottom  of  which 
“ it  is  impoffible  to  lee.  In  this,  fays  our 
“ learned  Obfervator,  there  is  fomc  thing 
“ more  aftonifhing,  than  in  all  the  Water- 
“ works  of  Verfailles.  " 

Of  this  Cafcade,  which  is  not  far  off  from 
that  Part  of  Italy , which  has  been  called 
Italia  Meditullium , which  Mr,  A dd f on  judges 
to  be  the  Gulph  thro’  which  Virgil's  Aletto 
ftioots  herfelf  into  Hell.  Virgil  thus  lings — 

. — • denjis  hunc  frondibus  Atrum 

Urget  utrinq\  latus  Nemoris , Medioq\  fragofus 
DatSanitum  Saxistf  torto  vortice  torrens  : 
Hie  Specus  horrendum  & Savi fpiracula  Ditis 
Monftrantur , ruptoqftngens  Acheronte  vorago 
Pefliferas  apent fauces,  queis  ConditaErrinys 
Invifum  Numen  terras,  Cxlumque  lavabat. 
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Thus  Englilh’d  by  Dryden: 

— ——on  either  Side 

Thick  h ore  As  the  forbidden  Entrance  hide : 
Full  in  the  Center  of  the  Sacred  Wood 
An  Arm  arifeth  of  the  Stygian  Flood  ; 
Which  falling  from  on  high,  with  bellowing 
Sound, 

Whirls  the  black  Waves  and  rattling  Stones 
around: 

Her ePluto  pants  for  Breath  from  out  his  Cell, 
And  opens  widethegrinning  Jaws  of  Hell ; 
To  this  infernal  Gate  the  Fury  flies, 

Here  hides  her  hated  Head,  and  frees  the 
labouring  Skies. 

To  conclude  this  Note,  Mr.  Addifon  is 
lo  wonderful  in  his  Defcription  of  Rivers 
Rural  Scenes,  and  Falls  of  Water,  that  I 
cannot  but  quote  him  in  the  noble  Defcrip- 
tion he  gives,  from  his  beloved  Poet  Virgil , 
of  the  Lake  Benacus , now  Lago  di  Garda. 

Adde  lacus  tantos  te  Bart  Maxime,  teque 
Fludlibus  lyffremitu  aff urgent, Benace, Marius. 

Here  vex’d  with  Winter  Storms  Benacus 
raves, 

Confus’d  with  working  Sands  and  rolling 
Waves; 

Rough  and  tumultuous  like  a Sea  it  lies, 

So  loud  the  Tempeft  roars,  fo  high  the  Bil- 
lows rife. 

At  the  lower  End  of  this  Lake  lies  the 
Mincio-,  of  which  Virgil.  Georg.  3.  thus: 

Tardis  ingens  uhi  flexibus  err  at 

Mincius  & tenera  pralexit  Ar  undine  rip  as. 

Thus  Englilhed  by  Dryden. 

Where  the  flow  Mincius  through  the  Valley 
ftrays: 

Where  cooling  ftreams  invite  the  Flocks  to 
drink, 

And  Reeds  defend  the  winding  Waters 
Brink. 

Claudian' s Larius  is  by  Mr.  Addifon  fup- 
pofed  to  be  an  Imitation  of  Virgil’s  Benacus. 

• Umbrofa  veftit  qua  Littus  Oliva 

Larius  if  dttlci  mentitur  Nerea  fluflu. 

De  Bell.  Get, 


The  Larius  here  with  Groves  of  Olives 
crown’d, 

An  Ocean  of  freih  Water  fpreads  around. 

Thus  far  Mr.  Addifon. 

Chap.  I.  Pag.  11.  The  Villa  de  Media's, 
w:th  its  Waterworks',  the  Cafcade  of  the  Fe- 
verone,  with  the  famous  Falls  of  the  Fref- 
cati,  &c. 

I mull  own  myfelf  a little  concerned, 
that  two  fuch  great  Authors  as  Mr  Addi- 
fon  and  Mr.  Miff  on,  (hould  have  fuch  diffe- 
rent Ideas  of  the  ^Waterworks  of  Italy  as 
they  have:  The  firft  fpeaks  of  them  in  the 
loftiefl:  Manner;  but  the  lafl,  as  it  were 
with  Contempt,  in  refped  to  thofe  of  Ver- 
failles ; but  as  this  might  proceed  from  the 
particular  Attachment  that  the  latter  had  to 
the  Intereft  and  Glory  of  his  Country,  his 
Partiality  may  be  in  fome  meafure  exculed  ; 
fince,  by  all  the  Prints  I have  feen,  it  appears, 
(whatever  Elleem  we  put  on  thofe  of  France ) 
that  the  Waterworks  oi  Italy  are  much  more 
rural  and  grotefque,  than  thofe  of  France. 

MiJJon,  Vol.  II.  p.  63.  fays,  He  is  forry 
that  he  cannot  relate  flxch  Wonders  of  the 
Tivoli  and  Frefcati  as  his  Friendsmight  feem 
to  expefi:  And  a little  after,  that  the 
Gardens  and  Waterworks  of  the  Belvedere , 
the  b illaLudovifia,  ifc.  delerve  to  be  com- 
pared to  Verfatlles , as  Frefcatt  to  Borne,  or 
two  or  three  Trees  to  a fine  Landskip; 
though  he  gives  a pretty  good  Encomium 
on  the  Cafcade  of  the  V ilia  Ludovifta.  And 
A 66-  he  tells  us,  that  the  Waterworks  of 
yerfailles  (an  extravagant  Way  of  compar- 
ing  Things)  exceed  a thoufand  Times  thofe 
of  Tivoli. 

. Fne  Cafcade  of  the  Teverone,  or  the  an- 
cient Anio,  he  fays,  is  the  moll  remarkable 
Thing  in  this  little  Town ; that  the  River 
forms  a plcafant Sheet;  but  the  Fall(though 
Horace  and  Silius  Italicus  call  it  Praceps  A- 
nienus’)  is  not  high;  and  indeed  by  the  Prints 
I have  feen,  it  is  not  above  four  or  five 
Yards  at  mod*  near  to  which  is  that  made 
by  the  late  Duke  of  Kingjlon  at  Thoresb\' 
Nottinghamfhire , itfc.  Jy 

But  although  I have  been  fomewhat  dif- 
pleas’d  with  Mr.  Miffon  for  the  contemn- 
tuous  Account  he  gives  of  the  Waterworks 
of  Italy  (in  Oppofition  to  Mr.  Addifon,  who 
will  always  be  the  Favourite  of  the  Englifb 
Nation,  yet  I could  not  but  like  the  Defcrip- 
tion he  has  given  of  the  Fall  of  the  River 

Velma,, 
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Velino,  which  he  paints,  if  poffible,  in  Wron- 
ger Terms  than  Mr.  Addifon  himfelt  has 
done;  for  which  fee  p.  363,  364,  and  365-, 
Vol.  I.  Part  2.  of  Mijfon’s  New  Foyage  to 
Italy : All  which  may  be  fumm’d  up  in  the  Ac- 
count that  Athanaflus  Kircher , ill  his  1 rea- 
tife  call’d  Mundus  Subteraneus , Lib.  2.  LP a- 
ragr.  4.  Tag.  iif.  Col.  1.  lets  down.  Let 
me  ufe  his  own  Words. 

Fluvius  flummo  impetu  in  mo  dura  Areas  ru- 
ens  tn  profundum  voraginem,  Altitudine  ccc 
circiter  pedum  uti  ex  LOlme'aJionc  Rupts  a me 
fada  patuit.  Examinatis  itaque  omnibus  in- 
flitutio  meo  opportune  C atadupa  circumflan- 
tiis  inter  amniam  reverfus. 

I might  (from  Authors  who  have  wrote 
of  the  Eafl  and  IP  eft  Indies , and  other  Parts) 
have  added  what  they  have  faid  of  fuch  pre- 
cipitate Cataracts  of  Water,  but  that  I fear 
I (hall  thereby  tire  my  Reader.. 

The  Nile  (as  Farenius  in  his  Geograph. 
General,  Cap.  xvi.  Prop.  x.  has  it)  falls  from 
between  two  Mountains  fo  great  a Height, 
and  with  fuch  Force,  that  it  is  faid  to  make 
the  Inhabitants  deaf;  and  the  IVolgda  (not 
the  Wolga)  a final  1 River  of  Mufcovy , has 
two  large  Cataradts  near  Ladoga.  The  Ri- 
ver in  the  Kingdom  of  Congo  has  one,  where 
the  Water  falls  from  the  Top  of  a high 
Mountain;  as  has  the  Rhine  near  Bilefelda 
and  Scaufhaufen : Nor  arc  we  altogether 
wanting  of  our  natural  Falls  of  Water  in 
Great  L ritam ; (ince  I am  well  inform  d by 
the  ingenious  Sir  Robert  Cotton , that  there 
is  fomewhere  in  Wales  a Cataradl,  or  Fall 
of  Water,  of  a Height  equal,  if  not  exceed- 
ing any  yet  mention’d,  that  runs  down  with 
continual  Violence. 

Chap.  II.  Pag.  if-  Line  1.  For  that  of 
Ariftotle  and  his  Followers , &c.  1 his  O- 

pinion  of  Arlftotle -md  his  Followers  is  re- 
lated at  large  by  Farenins , pag..  224.  of  his 
Geograph.  General,  in  the  following  Manner. 
Ariflotelici  fequuntur  opinionem  ‘Prteceptoris 
Jui  Ariftotelis,  quod  aquafontium  generetur 
ex  Aere  in  terra  vifeeribus  contento.  Ratio- 
ns adducit  has:  1 Ex  aere  fupra  ter  ram 
exiftente  aqtue  generantur , pluv'ue  nimirum  : 
itaque  cum  in  terr.e  vifeeribus  if  aer  Jit  if 
tadem  condenfationis  caufa , nempe  frigus,  idea 
abfurdum  ejje  dicit,  fi  juis  non  putet  ibi  quo- 
que  ex  aere  aquam  fieri.  2.  Experientia  te- 
lUtur.  quad  in  terra  grandiores  guttx  ex  par- 
vjs  fada  ftillent , ff  ideo  fluviorum  principia 
ej'e  quafdam  veluti  fcaturigines  aquarum , qua 
w imam  alt  quam  terra  partem  concurrant. 
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Ideo  enim , qui  aqua  dudus  flruunt , fcrobibtts 
atque  cuniculis  aquam  deducerc , tanquam  ab 
excelfts  fudante  terra  folent.  3 fjluia  pluri- 
mi  fontes,  if  quidem  maximorum  fluviorum 
in  locis  rnontams  reperiuntur , pauci  in  locis 
plants,  ifc.  For  which  alfo  fee  Ariflotle' s 
fir  ft  Book  of  Meteors,  Chap.  11. 

Chap.  II.  Pag.  if.  Line  4.  As  a learned 
Phyfician,  in  a Manufcript,  &C.  This  Phy- 
lician,  who  has  quoted  the  Opinion  of  A- 
quinas,  Scaliger , Fiber,  ifc.  was  the  learn- 
ed Dr.  Chamberlayne  of  Shaftsbury,  Dorflet- 
Jhire,  who  has  left  in  the  Hands  of  his 
Daughter,  Mrs.  Mary  Climpfon  of  Hunger- 
ford,  Berkjhire , a large  Volume  in  Writing 
of  conje&ural  Philofophy,  in  which  he  ap- 
pears to  reafon  excellently  well  on  all  thofe 
difficult  Points. 

Chap.  II.  Pag.  if.  Line  20.  Faber  front 
the  Attradion  of  all  Waters  by  the  North 
‘Pole,  &c.  This  Opinion  had  its  Rife,  in 
all  probability,  from  the  general  Eruption 
of  Springs  out  of  the  North,  rather  than 
out  of  the  South  Sides  of  Hills,  as  is  obvi- 
ous to  any  (even  the  moll  incurious)  Ob- 
ferver.  Thus  Farenius  fays  of  them,  averfi 
fttnt  Jolts  cnrfui ; and  juft  after,  ipfique  mon- 
tes  fuas  habent  umbras  objlantes , ut  radii  So- 
las non  direde  perveniant  ad  terram , nec  pof- 
flnt  humores  exfugere.  Prop.  xxii.  Cap.  16. 

Chap.  II.  Pag.  16.  Line  10.  Whence, accord- 
ing to  the  Opinion  of  fome  of  the  heft  fPhilofo- 
phers , both  ancient  and  modern,  it  had  its  firfl 
Rife.  In  the  Solution  of  this,  fee Farenius  al- 
fo, who,  from  many  weighty  Rcafons,  fome 
of  which  follow,  concludes,  Quod  terram, 
quicquid  aquarum  ex  ofliis  flu  viorum  in  mare 
emijit , rurfus  accipere.  Occulto  enim  [itinere 
marts  aquam  fubire  terras , if  in  tranjitu  per 
multipliers  anfradus  terrarum  verberatum 
if  per  arenas  atque  argillam  eolatum  depone- 
re  falfedinem  if  amaritudinem,  if  fic  in  fln- 
ceram  aquam  tranfire.  And,  fays  he,  this 
I believe  to  be  true,  though  I don’t  altoge- 
ther deny  other  Caufes;  for  that  above  a 
thoufand  Rivers  empty  themfelves  into  the 
Sea;  and,  to  give  it  in  his  own  his  Words, 
Rationes  funt  hce : 1.  Quia  plures  quam  mille 
fluvii  in  mare  fe  exonerant,  if  majores  ex 
illis  tanta  copia,  ut  aqua  ilia,  quam  per  totum 
annum  emittunt  in  mare,  fuperet  totum  Tel- 
lurem,  Jicut  Wolga  in  mare  Cafpium,  if 
alii.  Itaque  fieri  aliter  nequit , quia  ex  mart 
aqua  in  plurima  Telluris  loca , if  uflque  ad 

fluviorum 
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fiuviorum  fontes  emittatur.  Nifi  enim  hoc  fie- 
ret , ne  cogitari  quidem  potefi , quomodo  mare 
non  augeatur  in  immenfium , vel  cur  fontes  non 
de fin  ant  emittere  aquam.  Neque  dicas.  va- 
pores  tam  multos  e mart  elevari , quam  aqua 
mare  acceperit  d fluviis,  &c. 

Chap.  II.  Pag.  1 6.  Line  27.  Tho'  thofe 
Veins , Channels , and  Duels  of  Earth , &c. 
That  there  are  Inch  Veins  is  evident  from 
all  heterogeneous  and  different  Bodies,  fuch 
as  Scollop,  Mull'd,  and  Oylter-Shells,  which 
are  found  in  the  Bowels  of  the  Earth  very 
diftant  from  the  Sea.  Of  the  fame  Kind  al- 
fo  is  that  Mall,  which  was  (as  Dr.  Plott , 
pag.  108.  relates)  dug  out  of  the  Top  of  an 
exceeding  high  Mountain  in  Greenland  with 
a Pulley  join’d  to  it;  but  this  is  not  to  be 
compared  to  what  Faptifta  Fulgofa , Ludo- 
vico Mofcelli , and  Theodora  Moretio , Anno 
1460.  relates  of  a Pit  near  Verona , that  was 
fifty  Fathom  deep,  out  of  which  was  dug 
a whole  Veffel,  with  Anchors  and  broken 
Malls,  and  in  which  were  alfo  the  Corps 
of  forty  Seamen  and  others. 

Now,  tho’  fome  of  our  ingenious  The- 
orifts,  in  the  Account  they  give  of  this  he- 
terogeneous Mixture  in  the  Bowels  of  the 
Earth,  attribute  all  this  to  the  Deluge,  which 
they  lay  diffolv’d  all  theWorld  into  aKind 
of  a Pap ; and  that  every  Thing  then  funk 
deeper  or  lhallower,  according  to  its  fpecifick 
Gravity,  and  fo  Scollop  and  other  Shells 
may  fink  with  them;  yet  this  Deluge  was 
fo  very  long  ago,  that  it  was  improbable 
thefe  Things  fhould  remain  fo  long  uncon- 
fumed  : The  Account  of  the  Ship  efpecial- 
Jy;  which  is  attefied  by  many  grave  and  fe- 
rious  People,  could  not  be  then,  in  all  pro- 
bability, funk;  becaufe Navigation  was  not 
then  known,  nor  ’till  the  Ark  was  made, 
no  Veffel  of  that  Kind  was  ever  feen;  fo 
that,  in  all  probability,  the  Veffel  here  men- 
tioned was  drove  up  through  the  Syrtes  or 
Quickfands  of  the  proximate  Shores,  into 
thefe  Veins  and  Hollows  of  the  Earth,  as 
it  is  related  by  Andrew  Moralis , Dec  ad.  7. 
cap.  8.  of  the  Gulph  of  Charybdis,  near  the 
Sicilian  Sea,  over- again  ft  Sy/la,  where  A- 
bundance  of  all  Kind  of  Things  are  found; 
the  Water  there  whirling  about  with  fuch  a 
Force,  that  tho’  they  endeavoured  all  they 
could,  yet  they  could  hardly  keep  the  Ship 
they  were  in  from  being  fwallowed  up. 


And  of  this  Kind  Dr.  Plott  (pag.  in.)  pro- 
duces a great  many  more,  amongft  the 
Iflands  of  Mosko , IVeroe , Roofl , and  Lon- 
fondon , in  the  Norway  Shores,  call’d  by  fome 
the  Monsk:  This  Homer  calls  "O/x^aAo;  Aa- 
Xanr-i; ; Umbilicus  Maris , by  fPaulus  Diaconus ; 
Anhelitus  Mundi , bv  Mela ; Nares  Mundi , 
by  Solinus ; Acheron,  by  Smdas ; TdpTap©-, 
by  Pluto  and  Arifiotlc ; one  of  which,  as 
Abraham  Ortelius  in  his  Geographical  Trea- 
tife , under  the  Word  Umbilicus , fays,  was 
forty  Miles  in  Circumference,  and  lo  fa- 
perfufe  in  the  Summer,  that  it  appeared  like 
a Sea  itfelf,  and  which,  with  a horrible 
Noife,  at  once  overwhelm'd  Ships,  and 
whatever  elfe  came  thereinto. 

Chap.  II.  Pag.  16.  Line  36.  — That  give 
another  Reafon  for  their  Origin  and  Rife , at- 
tributing it  to  Vapours,  and  not  Air,  &c. 
Of  an  Opinion  fomething  of  this  Kind  was 
Cardanus , as  the  fame  Varenius , pag.  221. 
of  his  oft-quoted  Treatife  fets  down  in  the 
following  Words ; 

Cardanus  cum  aliis  cenfet,  aquam  fontium 
fieri  d rivulis,  quee  ex  aqueis  vaporibus  tam 
intra  quam  extra  terram  exifientibus  & con- 
denfatis  gene  rati  funt,  fed  fontes  folos  vix  effi- 
cere  fluvios,  nifi pluvix  vel  refolutce  nives  ac- 
cede nt.  Rati  ones  ejus  funt.  1.  Si  mantes 
mane  invifas , humidos  invenies.  2.  Fluvii 
matutino  tempore  excrefcunt  if  quidem  eo 
magis , quifonti  proprior  pars  ejus  fit. 

But  Varenius  himfelf  foon  turns  the  Scale 
againft  both  thefe  Philofophers,  by  faying, 
V erum  perpetuus  & confians  profilientis  ex 
fontibus  aquee  impetus  non  videtur  d tam  im- 
becilli  caufa  & inconflante  ortu  habere . Ne- 
que differt  hitc  Cardani  fententia  multurn  ab 
Ariftotelica,  nifi  quod  Ariftoteles  aerem  cum. 
generatione , Cardanus  vapores  fine  genera- 
tione  ponit  caufam  fontium,  & vero  exigua  eji 
inter  aerem  & vapores  differentia.  See  Lib. 

1.  Prop,  v Art.  4.  of  Varenius' S Geography 
beforefaid. 

Chap.  II.  Pag.  23.  Line  1.  That  in  a Tear 
there  might  commonly  fall  in  Rain-lVater  tt 
the  Height  of  17  Inches.  Thedifterent  Depths 
of  Rain,  one  Year  with  another,  if  it  was 
t0  Magnate  on  the  Earth,  the  curious  and  in- 
quifitive  Mr.  Derham  has,  in  the  Tranfac- 
tions  of  the  Royal  Society , and  in  his  Notes 
T on 
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on  his  Phvfico-7’hcolo?\>  par.  23.  thus  flated.  is  1000  Paces  wide,  and  iyFoot,  or  3 Paces 


At  Townly  in  Lancapire  42  Inches  and  an 
half;  at  Upminjler  in  EJJ'ex  19  Inches  and  a 
Quarter;  at  Zurich  in  Switzerland  32  111' 
ches  and  a Quarter;  at  ‘ Paris  in  France  19 
Inches;  and  at  Lifle  in  Flanders  24  In- 
ches. 

Something  agreeable  to  this  are  the  Ob- 
fervations  of  an  anonymous  French  Author, 
which  Dr .Plott,  pag.  62.  of  his  Teutamende 
Origine , &c.  fo  often  mentioned,  who  took 
the  Courfe  of  the  Sun  from  the  Head  of 
that  River  at  Ainay  le  Due , where  another 
fmall  River  joins  it ; and  found  (communi- 
bus  annis')  as  himfelf  expreffes  it,  that  the 

In. 

Rain-Water  amounted  to  19:2  Lines  j d. 
from  which  he  pronounced,  that  it  equall’d 
280899942  Meafures  French , which  French 
Meafure  is  as  83  to  68  Hogfheads  and  42 
Gallons  Englip  of  Beer,  or  Ale,  lawfully 
{lamp’d ; for  a French  Meafure,  according 
to  Plott,  contains  16777  cubick  Inches 

Gall. 

Englip  Meafure,  which  makes  59 fffo  of 
a Gallon,  which  Is  near  <9  Gallons  and  a 
half:  So  that  a French  Pipe  fcarce  contains 
£ of  an  Englip  one. 

This  being  premifed,  if  one  cubick  Inch  of 
Water  will(according  to  that  Author  jproduce 
83  Hogfheads  French , or  68  Englip  in  a Day ; 
then  1200  Cube  Inches,  which  is  the  Mea- 
fure of  the  River  of  the  Gobclines  near  V rr- 
failles , will  produce  99600  Meafures ; and, 
in  one  Year,  which  is  near  366Days,it  will 
give  36473600  Hogfheads  French ; which, 
if  you  fubltrad  from  280899942  Hogfheads, 
which  fall  annually  in  the  Confervatory,  or 
Trad  of  Land,  there  will  remain  244446342 
Hodfheads ; which  is  fix  or  feven  Times  as 
much  as  is  taken  in  for  the  Supply  of  the 
River;  which  he  fuppofes  is  more  than  e- 
nough  for  the  Nourifhment  of  Plants,  the 
Supply  of  Vapours,  the  Exercife  of  Rivers, 
J3V.  For  this  fee  his  Treatife  De  I'Origme 
dcs  Fountains,  feconde  Partie , a cPage  189 
ad  Pag.  207.  Tho’  this  is  found  to  be  dif- 
fident at  Willow -Bridge,  which  is  elfewhere 
intimated. 

To  proceed,  ‘Jo.  Baptijl  Ricciolus,  in  his 
Almegijla  Novo,  Lib.  2.  Cap.  13.  tells  us, 
That  th zEridanus,  or  Padus  in  Italy , which 


in  Depth,  18000000  cubick  Paces  of  Wa- 
ter every  Hour,  that  is,  432000000  inaDay, 
and  17772000000  in  a Year.  And  if  the  Pa- 
dus  in  Italy  affords  fo  much,  the  River  of 
St.  Lawrence,  which  is  60  Times  broader, 
and,  in  all  Appearance,  much  deeper,  mult 
produce  933120000000  in  a Year  of  cubick 
Paces  of  Water:  all  which  I mention  be- 
caufe  I would  ftate  the  Cafe  as  fairly  as  I 
poflibly  can. 

To  illuflrate  this,  I beg  Leave  to  add  an 
Account  which  I find  in  the  Hiflories  of 
England,  by  which  it  is  (I  think)  apparent, 
that  Rains  can  have  little  or  no  Manner  of 
Effed  in  the  Supply  of  Springs:  For  how 
elfe  fhould  it  happen,  that  the  7 rent,  a large 
River  which  rifes  in  the  County  of  Stafford , 
(as  Knighton,  in  his  Treatife  de  Eventibits 
Anglice,  Lib.  2.  fets  down)  which  was  ob- 
ferved  at  Nottingham,  Anno  1110,  in  the 
Reign  of  Henry  I.  that  the  whole  River  was 
dry  of  a fudden,  from  early  in  the  Morn- 
ing to  about  Three  of  the  Clock  in  the  Af- 
ternoon. I fay  what  elfe  could  it  be  from, 
but  that  the  fubterraneous  Duds,  which  were 
to  fupply  the  Springs,  (for  there  had  been  no 
Droughts  that  any  Body  had  obferved)  were 
by  fome  fortuitous  Confufion  fo  diforder’d, 
that  they  could  not  fupply  any  more  Water, 
until  thofeConfufions,  or  the  Obftacles  that 
hindered  it,  were  removed  by  proper  Pow- 
ers, or  till  the  Waters  fhould  feek  another 
Way.  Four  Years  after  that,  {vizi) in  the 
Ides  of  03.  1 1 14,  as  Simon  of  Durham  and 
John  of  Brampton  have  deliver’d  it  down, 
the  Vaga , or  Medway,  was  fo  dry  for  fome 
Miles,  that  for  two  Days  it  would  not  car- 
ry even  the  fmallefi:  Boat;  for  which  fee 
Simon  of  'Durham's  De  Rebus  Geftis,  Ang. 
and  Chronic  on  in  Anno  1114.  The  fame 
Thing  alfo  writes  Matthew  Paris  of  the 
River  Thames,  which  was  fo  flopped  for 
two  Days,  that  the  Sea  alfo  retraded,  or 
fhrunk  back  from  the  Shore;  and  other  Au- 
thors add,  that  Boys  could  pafs  on  Foot 
from  the  Tower  to LondonBridge  ; and  even 
under  the  Bridge  itfelf  were  fcarce  up  to 
the  Knees.  Neither,  in  the  mean  Time,  do 
the  Writers  fpeak  of  any  Want  of  Showers 
which  caufe  thefe  Events.  This  one  indeed 
might  be  the  Reafon,  that  the  Tides  had 
fir  It  failed  fending  up  their  Supply,  and  then 
of  Courfe  the  Springs  mult  fail. 

Chap. 
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Chap.  II.  'Pag.  28.  Line  28.  /in. Errata: 
Read , There  are  fmall  Veins  of  Water, 
which  belong,  and  fend  the  Water  to  thofe 
which  lie  lowet  ( inftead 0/ higher). 

Chap.  II.  Pag.  29.  Line  18.  Read,  And 
don’t  contribute  much  (if  at  all)  to  the  In- 
creafe  of  Perennial  Springs. 

Chap.  II.  Pag.  29.  Linego.  — they 

would  be  obliged  to  go  above  a hundred  Yards 
deep  before  they  come  to  Water.  I add  to  this 
an  Obfervation  which  the  Reverend  and 
Learned  Mr.  Derham  has  collected  from 
fome  skillful  Workmen,  whofe  Bufinefs  it 
waste  dig  Wells  in  Eft'ex : The  Ground  be- 
ing a Clay,  after  they  had  dug  fifty  Foot 
deep,  the  Man  in  the  Well  obferved  the 
clayey  Bottom  to  fwell,  and  begin  to  fend 
out  Water;  and  damping  with  his  Foot  to 
flop  the  Water,  he  made  Way  for  lo  fud- 
den  and  forcible  Flux  thereof,  that  before 
he  could  get  into  his  Bucket,  he  was  above 
his  Wade  in  Water;  which  foon  afeended 
to  feventeen  Foot  higher,  and  there  flay’d. 
And  altho’ they  often,  with  great  Labour, 
endeavoured  to  empty  the  Well,  in  order 
to  finifh  their  Work,  yet  they  could  never 
do  it,  but  were  forced  to  leave  it  as  it  was. 
Vid.  the  Reverend  Mr.  Derham's  Phyfico- 
Theology , cap.  24.  fag.  77. 

And  from  hence  I would  obferve,  that 
if  Rains,  &c.  were  the  Caufe  of  this  vio- 
lent Eruption  of  Springs,  they  would  lie  a- 
bove  the  Beds  and  Strata  of  the  Clay,  rather 
than  under  them,  (as  indeed  all  Land-Springs, 
which  have  their  Original  from  Rains,  yet 
feldom  or  never  flow,  do);  fo  that  it  is 
plain  they  come  from  a deeper  Caufe,  (viz.) 
from  fome  fubterraneous  Tubes,  out  of 
which  being  releas’d,  by  digging  away  the 
Strata  and  Beds  of  Clay  above  them,  the 
Flux  of  Water  is  fo  immediate  and  large. 

Chap.  II.  Pag.  30.  Line  39.  And  if  it  be 
made  appear , (as  l think  it  is)  that  cold  Wa- 
ters are  not  produced  by  Rains , &c.  Our  oft- 
quoted  Varenius , Lib.  1.  Cap.  17.  Prop.  xi. 
tells  us  of  a Fountain,  not  far  from  Vienna , 
of  that  Coldnefs,  that  it  fwells  the  very 
Mouths  of  thofe  that  drink  it;  neither  can 
a Man  hold  his  Hand  in  it ; that  it  is  not  di- 
minifhed,  when  the  Water  is  endeavoured 
to  be  drawn  out,  nor  increafed,  when  there 


is  any  put  into  it  : And  that  there  are  in 
Iroglodidiente  Arabia  or  A Ethiopia , fome 
Fountains  extreamly  cold,  though  it  be  in 
the  Middle  of  Summer ; and  rhat  there  are 
in  Stiria,  four  Miles  from  Gratz , or  Gretz , 
Fountains  fo  cold  at  the  Bottom,  that  no 
Body  can  draw  Water  out  of  them.  Now 
how  this  fhould  be,  unlefs  thefe  Waters 
were  detach’d  from  the  Bowels  of  the  Earth, 
where  there  is  a Mixture  of  Nitre  and  A- 
lum,  as  alfo  of  Mercury,  Iron,  &c.  is  hard 
to  conceive.  And  that  this  (fays  my  inge- 
nious and  learned  Author)  was  the  Occa- 
fion  of  it,  is  certain,  not  only  from  the 
foregoing  Caufes,  but  from  the  Depths  of 
the  Spring ; and  for  the  Defedi  of  the  Sun’s 
Beams,  and  of  fubterraneous  fulphureous 
Heat. 

To  proceed,  in  the  Words  of  my  Au- 
thor, Sunt  etiam  f antes  quidam , qui  alterna- 
timfunt  calidi  if  frigidi  in  Catalonia  Incus , 
if  fons  Salpola  hyeme  tepidus , <eftate  frigi- 
diftimus.  Hoc  i/li  cum  multis  commune  eft. 
And  he  gives  this  Reafon,  that  in  the  Sum- 
mer the  Pores  of  the  Earth  (through  which 
she  warm  Spirits  break  out)  are  open,  which 
are  fhut  in  the  Winter:  from  whence  it 
comes  to  pafs,  that  thole  Furnaces  which 
warm  the  Water  are  forced  to  be  hot;  and 
for  that  Reafon  it  is,  that  fome  Fountains 
are  warmer  by  Night  than  by  Day:  All 
which  is,  I think,  a moll  convincing  Argu- 
ment, that  thefe,  and  other  Kinds  of  Wa- 
ter, which  might  be  named,  are  not  deri- 
ved from  Rain. 

Chap.  III.  Pag.  41.  Line  1.— have  deli- 
ver'd it  do  wn,  from  the  Foot  of  a large  Hill  or 
Mountain.  And  here  I cannot  but  again  take 
Notice  of  what  the  ingenious  Sir  Robert 
Cottonhas  lately  told  me'  of  a ftrange  Spring 
which  falls  from  a vaft  high  Rock  at  SDy- 
fertln  Flintjhire ; though  it  lies,  as  near  as 
my  ingenious  Author  could  guefs,  five  hun- 
dred Fards  high;  and  that  in  a conflant 
Stream,  or  rather  Catarad  of  Water,  tho' 
it  is  the  highell  Ground  in  all  the  Country; 
Another  pregnant  Reafon  why  Springs  have 
not  their  Original  from  Rain,  but  from  the 
Sea.  And  this  I think  proper  to  precede 
the  following  Account  I have  from  the  Hi- 
flory  of  Switzerland. 

T 2 Chap, 
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Chap.  III.  Pag.  41.  Line  3.  ‘To  all  which 
may  be  added  what  I have  read  In  an  Ac- 
count, &c.  The  very  Account  which  is  here 
meant  I have  lince  met  with,  and  is  as  fol- 
lows : “ It  is  believed,  (fays  the  ingenious 
“ Author  of  it)  that  Switzerland  is  much 
“ the  higheft  Country  of  any  Part  of  Eu- 
“ rope-,  'and  two  Reafons  are  chiefly  al- 
“ ledged  to  juftify  that  Opinion:  Firft,  the 
“ Sharpnefs  of  the  Air;  and,  Secondly,  the 
‘‘  many  Rivers  that  have  their  Source  in  it. 

“ Which  fecond  Reafon  is  taken  from  an 
“ Hypothefis,  That  every  River  takes  its 
“ Source  in  higher  Ground,  than  through 
<l  which  it  afterwards  flows-.  And  it  can- 
“ not  be  deny’d,  that  many  large  Rivers 
o take  their  Rife  in  thefe  Mountains,  fince 
‘‘  there  is  found  (inftead  of  four  that  I have 
c‘  mentioned  in  the  Account  to  which  this 
is  referred,  and  that  at  a fmallDiftance  from 
‘‘  one  another)  the  Sources  of  the  Adda , 
i‘  the  Ticino , the  Lintz , the  Aar , the  Rufs, 
the  Jun,  the  Rhone, and  the  Rhine ; befides 
which,  one  may  reckon  the  Danube-,  for 
‘‘  tho’  in  Striftnefs  it  rifes  without  the  Li- 
‘‘  mits  of  Switzerland,  yet  it  is  but  a few 
‘‘  Leagues  diftant  from  Schaufhaufen.  The 
III  is  another  River  which  has  its  Rife 
“ near  Bazil;  and  tho’ the  Source  of  the  A- 
“ dige  be  properly  in  the  Country  of  Tirol, 
“ yet  it  is  upon  the  Confines  of  the  Grifons. 
“ Thefe  (being  eleven  in  Number)  are  the 
moft  confiderable  Rivers  in  Europe , and 
“ which  all  take  their  Rife  in  this  fmall 
“ Country  of  Switzerland , befides  which 
“ there  is  fcarce  a Valley  which  has  not  a 
« River  running  thro’  it.  And  as  this  ex- 
traordinary  Number  of  Rivers,  in  pro- 
“ portion  to  what  we  find  in  other  Coun- 
« tries  of  the  fame  Extent,  is  brought  as  a 
“ a convincing  Argument  of  the  natural 
“ Height  of  the  Country  ; fo  it  will  as  natu- 
“ rally  fuggeft  the  Impofiibility  there  is  of 
“ Rain  being  the  Author  and  Supplier  of 
“ them.  ” 

To  proceed  with  this  ingenious  Author; 
“ The  Lakes  which  are  to  be  found  in  that 
u Country  are  not  to  be  omitted;  of  which 
“ he  remembers  near  thirty ; fome  whereof 
“ are  fo  confiderable,  as  to  deferve  the 
“ Name  of  Seas,  as  they  are  called  in  Ger- 
“ man-,  the  Lakes  of  Conflance  and  Gene- 
“ va  being  near  eighteen  Leagues  in  Length, 
“ and  four  in  Breadth ; and  thofe  of  Neuf- 


“ chatel,  Zurich,  and  Lucerne , arc  not  much 
“ inferior  to  them  in  Length  : And  befides 
“ thefe  Lakes  in  Plains  and  Valleys,  there 
“ is  fcarce  a Mountain  that  has  not  one  on 
“ the  Top  of  it,  well  ftored  with  Fifli,  by 
“ the  Sale  of  which,  they  make  the  Inhabi- 
“ tants  fome  Amends  for  the  Lofs  of  the 
“ Land  they  overflow.  Upon  the  whole, 

“ (fays  my  Author)  I never  faw  an  Inland 
“ Country  that  abounds  fo  much  with  Wa- 
“ ter,  as  this  does:  Wherever  one  goes, 
“ one  finds  an  infinite  Number  of  Springs, 

“ the  pure!!  and  fweetefi  I ever  tailed.  And 
“ there  is  fcarce  a Field  or  Meadow  that 
“ may  not  be  laid  under  Water,  whenever 
“ the  Husbandman  thinks  it  neceffary  for 
“ the  Good  of  his  Ground.  ” Thus  far 
Mr.  St  any  an.  To  which  I need  but  juft  re- 
mark, the  great  Difficulty  there  would  be  for 
the  Maintainers  of  the  Hypothefes  of  Air, 
Vapours,  or  even  Rain,  for  the  Supply  of 
fuch  a Number  of  great  Rivers,  Lakes,  and 
Springs,  and  in  fo  fmall  a Country,  as  that 
is.  To  this  I may  add  what  Seneca,  and 
others,  amongft  the  ancient,  as  well  as  fome 
modern  Philofophers,  have  afferted  of  the 
Depths  which  Rain-Water  finks  into  the 
Earth  in  any  Place,  efpecially  on  Hills, 
where  it  runs  off  with  a much  fwifter  Cur- 
rent,-than  from  flow  declining  Lands.  Jam 
pluvia  maxim#  non  ultra  decimum  pedem  in 
terram  penetrant.  And  an  anonymous 
French  Author,  in  a Treatife  Tie  I'Origine 
des  Fountains,  Partie  fecunde,  p.  167.  (who 
had  made  a curious  Enquiry  into  this  Mat- 
ter) affirms,  it  does  not  fink  a Foot  and  a 
half;  and  all,  or  moft  of  the  Rains  which 
fall  in  Plains,  are  confumed  in  the  Nou- 
rifliment  of  Plants  and  Herbage. 

Chap.  III.  Pag.  41.  Line  30.  The  lajl 
Thing  to  be  examined  in  this  Narrative  of 
Springs,  &c.  This  is  fufficiently  exprefs’d 
by  Dr.  Plott,  pag.  70.  in  his  Treatife  of 
Fountains-,  to  which  he  adds,  Nam  ftqua 
experimentis  fides  efl  habenda,  vapor es  qui  in 
auras  exhalantur  ad  nubes , & qui  in  pluviis 
demittuntur,  non  tarn  e mari  originem  ducunt , 
quam  a ten#  Madere;  atque  hoc  Patio  in 
Uliginofis  & Palujiribus  regionibus  qualis  efl 
Hibernia  Nimbi  non  funt  frequentes,  enim  in 
aridis  Afrite  & Arabiar  folutidinibus , vel  nul- 
li  funt,  vel  rariflimis  ut  mittam  quanta  cum 
difficultate ; Aqu # falfuginofa,  preparationem 
fubeant,  aut  pluviis  magis  ajflduas  ex  oriente 
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& meridie  provenire  ; id  ejl,  d continentis  non 
oceano.  Hue  accedit  imbres  vehementijfimis 
terra  meatus  obtimare , adeo  ut  fufquipedem 
J'ulfidere  non  pojfint , adeoque  max-imam  par- 
tem diluviis  abftrabuntur : unde  adhuc  evi- 
dentius  aquet , quam  parum  prebabile  fit  fon- 
tes  tantce  magnitudinis  ( quantum  memoratas 
diximus ) a pluviis  in  tale  confervatorum  deci- 
dentibus fuppleri.  All  which  I thought  pro- 
per to  fet  downin  the  Author’s  own  Words, 
leaving  the  Decilion  of  it  to  the  curious 
Reader. 

Chap.  III.  Pag.  44.  Line  4.  Phe  Exigence 
of  fubterraneous  Fires , if  any  fuch  there  are , 
&c.  That  there  are  fubterraneous  Fires,  or 
rather  that  there  is  a Kind  of  Refpiration 
of  warm  Air  through  the  whole  Mafs  of 
Earth,  feems  to  me  more  and  more  proba- 
ble; though  whether  this  Heat  refidesin  the 
Center,  and  fo  difperfes  itfelf;  or  whether 
that  Heat  is  innate,  as  proceeding  from  cer- 
tain igneous  Effluvia’s,  that  are  difperfed 
here  and  there,  is  not  certain:  But  from  the 
Warmth  there  is  in  Cellars,  as  alfo  that 
"when  you  pump  a few  Strokes  with  any 
Engine,  fo  that  the  cold  Water  goes  ofl^ 
after  which,  follows  that  which  is  warmer; 
’tis  certain,  I fay,  that  there  is  fuch  a Thing 
in  Nature. 

Thefe  Fires  break  out,  as  Rohauh  in  his 
Phyficks,  Part  3.  Cap.  9.  fays,  like  thofe 
which  proceed  from  Hecld  in  IJlandia , or 
JEtna  in  Sicily , or  V efuvius  in  Campania  ; 
nor  are  they  any  other  than  thofe  which 
we  blow  up  with  our  Bellows:  But  hecon- 
fefles,  that  he  is  not  able  to  explain  their 
Nature.  And  yet  Dr.  Woodward,  in  his 
Eflay,  Part  3.  Confett.  13.  fays,  “ That 
“ there  are  Icarce  any  Countries  that  are 
“ much  annoy’d  with  Earthquakes,  that  have 
“ not  fome  of  thefe  fiery  Vents;  and  thofe 
“ (fays  he)  are  conftantly  all  in  Flames, 
“ Whenever  any  Earthquake  happens,  they 
“ dilgorging  that  Fire,  which  whilft  uuder- 
“ neath  was  the  Caufe  of  the  Difaller  (with 
“ more  to  the  fame  Purpofe)  and  concludes; 
“ In  one  Word,  fays  he,  fo  beneficial  are 
“ thefe  to  the  Territory  where  they  are, 
“ that  there  do  not  want  Inflances  of  fome 
“ which  have  been  refeued,  and  wholly  de- 
“ liver’d  from  Earthquakes,  by  the  breaking 
“ forth  of  n'ew  Volcano’s  there;  this  con- 
“ ftantly  difeharging  that  Matter,  which 


“ being  till  then  barricadoed  up,  and  ini- 
“ prifoned  in  the  Bowels  of  thel  Earth,  was 
“ the  Occafion  of  very  great  and  frequent 
“ Calamities.  ” Thus  far  Dr.  Woodward. 
The  Ufes  that  thefe  Volcano’s,  or  the  in- 
nate Heat  which  labours  in  the  Ground,  is 
certainly  to  lefifen  or  take  away  the  Weight 
of  Air,  which  is  mixed  with  the  Earth,  fo 
that  the  Water  may  afeend  the  freer,  even 
as  we  fee  it  in  th eJEIiop.le  Perr.  Sigma , &c. 

Chap.  III.  Pag.  49.  Line  f . Errata.  In- 
Head  of,  not  being  explained,  read , not  be- 
ing irregularly  explained  by  the  riling  of  Wa- 
ter in  a lmaller  Pipe. 

Chap.  III.  Pag.  jo.  Line  3.  It  is  not  much 
to  the  Purpofe  to  examine , or  confute  the  0- 
pinion  of  thofe  who  affirm , that  the  Depth  of 
the  Sea  is  no  more  in  Perpendicular , than  the 
Height  of  the  Mountains  above  it.  The  Profun- 
dity of  the  Sea,  according  to  the  Opinions  of 
the  moll  celebrated  Geographers,  is  various; 
fometimes  f0,  2Ao,  fo,  of  a Mile,  (3V. 
And  in  fome  Places  where  the  Rope  wont 
reach,  they  fuppofe  it  not  lefs  than  a Ger- 
man Mile  in  Depth : But  thefe  Geographers 
don’t  deny  but  that  in  the  Bottoms,  thofe 
Depths  there  may  be  Gulphs  or  fubterrane- 
ous Meanders,  thro’  which  the  Water  may 
pafs. 

To  ufe  Varenius' s own  Words,  In  finibus 
marts  profunditis  multo  minor  ejl  quam  oceani , 
qui  Alveus  ejl  minus  profundus  five  minus  ex- 
cavatus , propter  viciniam  terra  ficut  eandem 
ob  caufam  oceanus  ad  littora  minus  ejl  profun- 
dus quam  in  remotis  terrte  locis  quod  accidit 
ob  folarn  Alvei  ejus  Jiguram  cavam. 

Chap.  III.  Pag.  yi.  Line  10.  T'o  pafs  by 
then  all  the  curious  Definitions  of  the  Attrac- 
tion here  fpoken  of.  Rohault  in  Part  r.  cap. 
2.  Paragr.  if.  feems  to  be  very  filent  as  to 
Attraction,  Sympathy,  Antipathy,  and  the 
like,  on  the  Account  of  their  Obfcurity; 
and  tells  us,  If  you  behold  a Loaditone,  it 
is  plain  that  there  is  in  it  an  attractive  Power, 
or,  he  would  have  faid,  a very  great  Sym- 
pathy between  it  and  Iron;  but  that  he  could 
neither  explain  the  Nature  nor  the  Properties 
of  it. 

But  our  learned  Newton , who  has  been 
fo  great  an  Honour  to  ms  Country  in  dif- 

coveries 
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COV-eriesPhilorophical  and  Mechanical,  puts 
the  Queftion,  pag.  322.  of  his  Optic  ks , Whe- 
ther, or  no,  the  fmall  Particles  of  Matter 
have  not  certain  Virtues,  Force,  or  Powers, 
•which,  by  means  of  fomething  thrown  be- 
tween them,  they  mutually  join  to  one  a- 
nother,  to  the  Introdudtion  of  molt  of  the 
Phenomena’s  of  Nature : Let  me  ufe  his  own 
Words,  as  it  follows,  what  1 have  tranfla- 
ted  from  him,  Satis  enim  natus  eji , corpora 
in  fe  invicern  agere  per  attrailionem  gravita- 
tis , &c. 

Chap.  III.  Pag.  53.  Line  1.  ’That  the  Sea 
and  many  large  Rivers  are  higher  in  fome 
Places , than  the  general  Level  of the  Earth, See. 
The  Truth  of  the  Propofition,  Parenius  a /.- 
fo  tefiifies  in  Cap.  3.  Prop,  i,  ii.  from  the 
famous  geometrical  Propolition  of  Ar- 
chimedes, which  is  not  found  demonftrated 
in  his  Elements,  but  the  Solution  of  which 
he  himfelf  has  undertook,  (vix.)  Let  any 
Superficies  be  cut  by  Plains  p offing  thro ’ any 
one  Point  of  it , and  let  every  SeSlion  of  the 
Periphery  of  the  Circle,  having  that  Point  for 
its  Center , that  Superficies  ntufl  be  fpherical, 
luhofe  Center  pall  be  the  Point  before  fpoken 
of.  And  to  this  Sphericity  of  the  watery,  as 
well  as  earthy  Frame  of  the  World,  he  pre- 
joins, That  it  is  the  Nature  of  all  Liquids, 
that;  their  Parts  being  of  an  equal  Diftance 
from  the  Center  of  the  Earth,  and  lying  and 
continuing  one  among!!  another,  the  Idler 
Weight  is  expelled  by  the  greater;  for  that 
every  Part  of  a Liquid  is  preffed  by  that 
which  is  perpendicularly  (in  Refpeft  to  the 
Center  of  the  Earth)  above  it;  and  that  Li- 
quid fo  descending  is  preffed  by  fome  other 
Body.  And  he  concludes  that  fir!!  Propo- 
fition in  thefe  pofitive  Words;  Ocean's  ita- 
que  ftsperficies  eft  fpherica  habens  idem  cen- 
trum, quod  eft  terra:  centrum : quod  idem  eti- 
am  ex  fequentis  propofttionis  confirmatione 
manifeftum fiet.  And  in  Propofition  the  Se- 
cond he  does  not  feem  to  endeavour  to  urge 
or  prove  that  the  Earth  is  lighter  than  the 
Sea ; but  that  the  Ocean  is  not  of  a greater 
Heighth  than  the  Banks  or  Bounds  of  the 
Earth  : And  he  concludes  (contrary  to  what 
Rohault  and  others  have  fet  down  on  this 
Subjed!)  Atque  ideo  terra  if  aqua  ejufdem 
fere  funt  Altstudinis  uhique  exceptis  montibus 
excelfis. 

The  Middle  of  the  Sea  does  indeed  look 


as  if  it  was  much  higher  than  the  Land,  as 
whoever  approaches  the  fame  may  difeo- 
ver;  though  this,  I,  and  many  other  Authors 
doubt  of  : And  the  mo!!  I would  endea- 
vour to  prove  from  the  foregoing  Argu- 
ment is,  that  when  the  Waters,  in  the  Scrip- 
ture Phrafe,  are  gathered  together,  (as  they 
are  in  high  TidesJ  then,  if  not  always,  the 
Middle  thereof  is  as  high  as  the  approximate 
Shores,  or  Banks -of  Land-Hills,  very  high 
Hills  excepted;  which  will  be  more  fully 
explained  by  the  following  Note. 

Chap.  III.  Pag.  yy.  Line  19.  But  that  the 
Sea  in  general  (at  leaft  the  middle  Part  of  ii) 
lies  rounder  than  the  Land,  &c.  This  is  a- 
greeable  to  what  has  been  fet  down  in  the 
foregoing  Article;  and  I would  endeavour 
to  infer  no  more  from  it  in  this,  than  that 
by  the  Congregation  of  the  Waters,  and 
their  Concuffion  together,  by  the  Gravita- 
tion of  the  Atmofphere,  which  preffes  upon 
them,  and  forces  them  towards  the  Shore, 
Water  may,  by  the  Laws  of  Hydrofhiticks, 
(and  other  Powers  juft  mentioned)  rife 
withgreatEafe  totheTops  of  highGround  : 
For  I do  not  aver  (as  fome  have)  that  the 
Sea  is  higher,  but  that  it  is  as  high  as  the 
general  Part  of  the  Land  is;  nor  do  aver, 
in  this,  that  the  Spring  there  mentioned  riles 
on  the  Top,  but  rather  the  Middle,  or  more 
lower  Part  of  the  Hill. 

Chap.  III.  Pag.  y9.  Line  22.  But  if  we 
conftder  the  Flowings  of  the  Tide , &c.  Here 
I obferve,  that  if,  according  to  the  Syftem 
of  Copernicus,  with  whom  Kepler , Gallilao, 
and  almoft  all  of  our  modern  Philofophers 
(tho’  different  from  the  exa£i  Letter  of  the 
Bible)  agree,  that  the  Earth  turns  round 
upon  its  own  Axis,  and  that  the  other  Pla- 
nets are  fix’d  and  immoveable;  amongft 
other  Reafons,  too  many  here  to  be  named, 
for  that  theCourfe  which  the  Sun  mufttake 
is  fo  many  thoufand  Miles  more  than  the 
Rotation  of  the  Surface  of  the  Earth,  how- 
great  muft  that  Shock  be,  which  the  Water 
receives  by  fuch  a Rotation  or  Revolution ; 
and  though  it  does  not  (by  the  vaft  Num- 
ber of  Miles,  of  which  the  whole  Circum- 
ference of  the  Earth  is,  together  with  its  re- 
gular and  uniform  Movement)  overturn 
Houfes  and  Steeples,  or  put  Men  in  Dan- 
ger who  are  walking  thereupon ; yet  Water 
is  of  fo  voluble  a Nature,  that  it  is  not  dif- 
ficult 
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ficult  to  conceive  how  much  ft  will  force 
its  Way  up  thro’  the  Crannies  of  the  Earth, 
by  fuch  a Movement,  as  when  the  Sea  is, 
as  it  were,  diametrically  oppofite,  perpen- 
dicular, or  Hoping  to  the  Place,  to  which 
the  Water  is  to  pafs. 

Chap.  III.  Pag.  fp.  Line  23.  How  great- 
ly muft  fuch  a Rotation  contribute  to  the  for  - 
cing  the  IVater , &c.  This  Obfervation  is 
what  I have  not  met  with  in  any  Account 
I have  ever  read  of  Springs,  tho’  it  does  not 
feem  to  be  an  improbable  Conjedlure;  for, 
if  the  Copernican  Syftem  holds  good,  which 
there  is  a great  deal  of  Reafon  to  believe  it 
will,  (viz.)  That  the  Earth  makes  a diurnal 
Rotation  round  its  own  Axis,  and  a periodi- 
cal Revolution  round , how  greatly  mull  fuch 
a Rotation  contribute  to  the  forcing  of 
Springs  out  of  the  Chafms  and  Filfures  of 
the  Earth?  And  the  Imperceivabler-efs  of  its 
Motion  is  a great  Demonflration  of  the 
Truth  of  this  Suppofition,  than  if  it  were 
quick  and  vilible.  If  you  put  Water  into  a 
Bowl,  and  fwitig  theBowl  about  with  great 
Celerity,  the  Water  wont  indeed  be  much 
of  it  loft;  but  if  its  Motion  was  to  be  lei- 
furely,  to  what  Place  is  it  that  it  will  not 
find  its  Way?  And  why  may  we  not  fup- 
pofe,  that  it  is  by  this  Means  that  Water 
iftues  out  of  fuch  Hills  as  it  does,  by  or 
through  thofe  Dudts  or  Channels,  that  Na- 
ture has  formed  for  that  Purpofe. 

Whoever  will  be  fatisfy’d  of  the  Proba- 
bility of  the  Copernican  Syftem,  before  that 
of  the  Ptolomean , may  have  Recourfe  to  the 
the  Works  of  Rheticus , Kepler , Rothman , 
Landsberge , Gafjendus , GalliLto , and  others  ; 
but  more  particularly  to  the  Reverend  and 
Learned  Mr.  Derham , in  his  Preliminary 
Difcourfe  to  his  Ajlro-Theology , pag.  7. 

Chap.  III.  Pag.  61.  Line  32.  It  will  not 
he  improper  to  take  a fhort  Survey  of  what 
Authors  have  faid  of  that  Deluge.  Of  the 
Eruption  of  Springs  out  of  Hills,  befides 
what  the  Scriptures  have  faid  concerning 
the  Formation  of  the  World,  and  of  this 
Deluge,  Ovid,  Cap.  1.  Rag.  2.  Line  38.  thus 
has  it. 

Jnffn  ef  amhit.e  circundare  littora  terr.e , 
Addidit  & fontes,  immenfaque  fiagna  lacufqj 
Flumina  obliquis  cinxit  declivia  ripis ; 


Qua  diverfa  locis  partim  forbeutar  ah  ipfd ; 

In  mare  perveniunt  partim,  campoque  recepta 
Liberiores  aqtut,  pro  ripis  littora  pulfant. 

But  when  he  comes  to  give  an  Account 
of  that  fatal  Eruption  of  Water,  with  which 
the  World  was  drowned,  the  Poet  is  fo  won- 
derful plain  in  his  Diftindtion  between  the 
Rain  from  above,  and  the  Deeps  below,  that 
one  would  think  he  had  confulted  Holy- 
Writ  itfelf. 

Nec  Coelo  contento  feto  Jovis  Ira. 

And  a little  after,  fpeaking  of  the  Deeps, 

• Vires  effundite  veftris  : 

Sic  opus  eji.  AperiteDomus : ac  mole  remota, 
Fluminibus  vejlris  totas  immittite  babcnas. 
Jufferat,  hi  redeunt,  ac  font ibus  ora  relaxant , 
Et  defroenato  volvuntur  in  lequora  curfu. 

Ipfe  tridente  fuo  terram  percuffit : at  ilia 
Intremuit,  motuque  Jinus  patefecit  aquarum 
Exfpatiata  ruunt  per  apertos  flumina  campos „ 
Ovid.  Metam.  lib.  1.  cap.  1.  v.  277.  &c, 

Virgil,  tho’  he  has  wrote  nothing  direflr 
(at  leaf!  that  I have  met  with)  concerning 
the  Original  and  Rife  of  Springs,  yet  he  has- 
left  feveral  fhort  Hints  of  his  Opinion  on 
this  Head,  where  he  always,  however  foft 
his  Subjedt  was,  talks  of  nothing  but  its- 
precipitate  Eruption. 

Thus  Georg,  lib.  1.  v.  203. 

Atq\  ilium  in praceps  prono  rapit  Alveus  amni , 

And  Georg,  lib.  3.  v.  428. 

3ui  dum  amnis  ulli  rumpuntur font  ibus  & dum 
V ere  Madem  udo  terra . 

And  iEneid.  lib.  1.  V.  ioy. 

— infequitur  cumulo  prareptus  aqu£  mans. 
Hie  fummo  in fludlu pendent : his  unda  dehifeens 
Terras  inter  fluttus  aperit. 

Chap.  IV.  Pag.  6y.  Line  20.  Natural 
Hi/lories  produce  an  infinite  Number  of  fuch 
Springs,  &c.  I might  have  produced  a much 
larger  Number  of  fuch  Springs,  in  Confir- 
mation of  this  Chapter : Such  are  the  Foun- 
tains near  the  Lake  Afcanins,  which,  as 

Agricola 


h 
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Agricola  fays  ,Lih.  3.  of  his  Book  De  Natura 
Rerum  qua  effluunt  ex  terra , are  dry  in  the 
Winter,  but  are  filled  up  to  the  Brims  in 
the  Summer.  The  fame  he  relates  of  a F oun- 
tain  ad  Calidas  Lucenfes , to  ufe  his  own 
Words,  qui  per  totam  lejlatem  a Maio  ad 
Septembrem  ufque  uberrime  fedluro,  deinde 
fic  fubducere.  Geo.  Weanerus  (as  Dr.  Plott 
has  it)  fays  the  fame  Thing  of  another  in 
Helvetia  •—  qui  femper  Augufto  menfe  are- 
feit;  nec  ante  Junium  infequentem  rurfus  e- 
mergit. 

Chap.  V.  Pag.  77.  Line  12.  In  the  follow- 
ing Places  Springs  are  certain  and  good.  The 
Reverend  and  learned  Mr.  Derham , who, 
for  the  Juftnefs  of  his  Obfervations,  is  fo 
much  admired,  fays,  in  his  Notes  Book  3. 
Cap.  2.  Pag.  6p.  of  his  Phyjico  -Theology , 
That  it  is  not  only  agreeable  to  Reafon,  but 
as  he  was  told  by  Perfons  converfant  in 
digging  of  Wells  throughout  the  County  of 
Ejjex,  where  he  lived,  that  the  fureft  Beds 
in  which  they  found  their  Water  were  Gra- 
vel,and  a courfe-colour’d  dark  Sand,  which 
Beds  feldom  fail’d  to  yield  Plenty  of  fweet 
Water:  But  for  Clay,  they  never  find  Wa- 
ter therein,  if  it  be  a lfiff  ftrong  Clay;  but 
if  it  be  lax  and  fandy,fometimes  Springs  are 
found  in  it;  yet  fo  weak,  that  they  will 
fcarcely  ferve  the  Ufes  of  the  fmalleff  Fa- 
mily. And  fometimes  they  meet  with  thofe 
Beds  lying  next  under  a loofe  black  Mold, 
(which  by  their  Defcription  he  judged  to  be 
a Sort  of  Ouze,  or  to  have  theRefemblance 
of  an  ancient  Rufhy  Ground,)  and  in  that 
Cafe  the  Water  is  always  naught,  andftinks. 
And  laftly,  another  Sort  of  Bed  they  find 
in  EJfex,  in  the  clayey  Lands,  particularly 
in  that  Part  called  the  Rodings,  which  yields 
Plenty  of  fweet  Water,  (and  that  is,)  a Bed 
of  white  Earth,  as  tho’  made  of  Chalk  and 
white  Sand.  This  they  find  after  they  had 
dug  thro’  forty  (or  more)  Feet  of  Clay ; and 
it  is  fo  tender  and  moift,  that  it  will  not  lie 
on  the  Spade,  but  they  are  forced  to  throw 
it  up  into  their  Bucket  with  their  Hands,  or 
with  Bowis : But  when  it  comes  up  to  the 
Air,  it  foon  becomes  a hard  white  Stone. 
And  thus  much,  fays  my  Reverend  Author, 
for  the  Variety  of  Beds  wherein  theWaters 
are  found.  And  that  it  is  in  thefe  Beds  only, 
or  chiefly,  the  Springs  run,  is  farther  manifeft 
from  the  forcible  Eruption  of  the  Waters 
taut  of  thofe  watery  Beds : And  this  Erup- 


tion, fays  he,  fiiews,  that  the  Water  comes 
from fome Eminence, or  other, lying  at  aDi- 
ftance,  and  being  clofely  pent  up  in  the  wa- 
tery Stratum,  by  the  Strata  of  Clay,  the 
Waters  with  Force  mount  up. 

Chap.  V.  Pag.  81.  Line  27,  When  you 
have  pitched  upon  a Place  that  is  proper  t$ 
borejor  Water , &c.  Thofe  who  have  wrote 
of  the  Formation  of  the  Earth,  fay  (Rid. 
Stem's  Prodrom.  and  Dr.  Woodward's  Lffay , 
Part  2.)  that  when  the  terraqueous  Globe 
was  in  a chaotick  State,  and  the  earthy  Par- 
ticles fubfided,  then  thefe  feveral  Beds  were 
in  all  probability  repolited  in  the  Earth,  in 
that  commodious  Order  in  which  they  are 
now  found  ; and  that  is  as  afferted  according 
to  the  Laws  of  Gravity.  But  Dr.  Leigh , in 
his  Natural  Hiflory  of  Lancashire , fpeaking 
of  the  Coal-Pits,  denies  the  Strata  to  lie  ac- 
cording to  the  Laws  of  Gravitation.  In 
anfwer  to  which,  Mr.  Derham , being  luf- 
picious  that  no  real  Experiment  had  ever 
been  made  of  it,  try’d  it  himfelf,and  found, 
that  the  Strata  in  his  Yard  were  gradually 
fpecifically  heavier  and  heavier  the  lower 
and  lower  they  went;  and  the  upper,  which 
was  Clay,  was  confiderably  fpecifically 
lighter  than  the  lower  Stratum,  which  was 
a loofe  Sand  and  then  a Gravel ; in  which 
Strata  the  Springs  ran  which  fupply’d  his 
Well.  And  here  it  may  again  be  obferv’d, 
that  Springs  run  rather  under  than  above 
Clay,  which  they  would  not  do,  did  they 
owe  their  Original  to  Rain. 

Chap.  V.  Pag.  82.  Line  4.  HHoen  they  dug 
down  fitch  a Pile  as  I have  oec-i  before  deferi- 
b'mg , &c.  To  this  I add  what  Monf.  Blon- 
de// related  to  the  Parifian  Academy,  con- 
cerning the  Devices  which  the  Inhabitants 
of  th e. Lower  Auflria  were  wont  to  ufe  when 
they  wanted  Water:  fhey  dug  down  to 

the  Depth  of  20  or  2y  Foot,  till  they  came 
to  an  Argil le  or  clammy  Earth,  which  they 
bored  through  fo  deep,  till  the  Waters  broke 
forcibly  out;  which  Water,  it  is  probable, 
comes  (I  add)  from  Springs  which  rife  up 
in  and  from  the  neighbouring  Mountains  in 
fubterraneous  Channels.  And  Cajfwus  ob- 
ferves,  that  in  many  Places  of  the  Territo- 
ries of  Modena  and  Bologna  in  Italy , they 
make  themfelves  Wells  by  the  fame  Arti- 
fice, &c.  By  this  Means  alfo  the  fameSeig- 
nieur  Cajfmi  made  a Fountain  at  the  Callle 
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of  Urh'm,  that  cart  the  Water  up  five  Foot 
above  the  Level  of  the  Ground ; as  who- 
ever fees  Mr.  Ray’s  Difcourfe,  p.  40. 
may  be  better  informed  And  this  is  a De- 
monftration,  that  Water  rifes  firft  of  all  in- 
to the  Tops  of  high  Hills,  and  after  that 
defcends  into  low  Grounds;  and  not  from 
Rains,  which  run  off  fo  precipitately,  that 
they  fcarce  enter  a Foot  into  the  Ground. 

Chap.  VII.  Pag.  97.  Line  18.  This  new 
Invention,  or , at  lea  ft,  this  great  Improvement 
of  an  old  one,  &c.  Since  the  Printing  of  the 
foregoing  Sheets,  I have  had  an  Opportuni- 
ty of  being  farther  and  better  informed  of 
the  Nature,  Size,  and  Prices  of  the  earthen 
Pipes  I have  there  recommended. 

In  the  firft  Place,  I obferve,  that  the  Un- 
dertakers have  not  as  yet  made  any  above 
three  or  four  Inches  Diameter,  being  a 
little  cautious  how  they  adventure  too  far 
at  firft,  though  they  have  fotne  Hopes  to 
make  them  larger:  Neither  are  they  fond 
of  ufing  them  on  theOutfides  of  Houfes, 
becaufe  they  are  more  liable  to  be  broken 
there  than  any  where ; but  they  are  ex- 
cellently ufeful  in  carrying  offWater  which 
is  to  go  down  in  the  Walls  or  Infide  of  a 
Houfe,  taking  up  fo  fmall  a Column  of  the 
Wall,  that  it  docs  not  weaken  it. 

In  the  fecond  Place,  I obferve,  that 
the  Cement  with  which  they  join  them 
is  not  fuch  as  Vitruvius  tells  us  the  Romans 
ufed ; but  is  much  ftronger,  and  fomething 
of  the  Nature  of  that  with  which  Statuaries 
join  on  particular  Limbs  andParts  of  broken 
Statues,  ifc.  And  this  Cement  is  not  liable 
to  an  Obje&ion,  which  I have  heard  has 
been  brought  againft  thofe  Pipes,  in  relation 
to  a Weed,  which,  with  its  Fibres,  is  apt 
to  choak  up  the  Pipe;  but  this  Cement  is 
neverthelefs  diflolvable  by  Heat,  whenever 
yon  have  a Mind  to  repair  a broken  Pipe : And 
it  is  farther  obfervable,  that  this  Cement  isfo 
ftrong,  that  any  other  Part  of  the  Pipe  will 
fooner  break  than  the  Joint. 

In  the  third  Place,  I obferve,  that  as  there 
are  fome,  though  not  very  many  Pipes  in 
every  Kiln,  which  are  a little  faulty,  and 
fubjedt  to  a few  Flaws  or  Cracks,  that  chefe 
Pipes  are  neverthelefs  ufeful,  wherever  you 
have  great  Plenty  of  Water  to  lupply  them ; 


as  is  the  Cafe  where  you  lay  Pipes  to  fupply 
Gardens,  from  the  Thames,  or  other  large 
and  plentiful  Rivers;  for  there,  tho’  there 
is  fome  Wafte,  yet  the  great  Supply  is  fuch, 
that  it  will  not  be  minded.  And  thefe  Kind 
of  damag’d  Pipes  may  be  alfo  ufed,  where- 
ever  you  are  to  convey  Water  thro’  Drains 
from  the  Eves  or  Roof  of  a Houfe,  Stable, 
if  c.  elpecially  if  it  runs  through  a Gravel; 
for  there  the  Sinking-away  of  Water  is  of 
no  great  Moment. 

Having  very  lately  receiv’d  the  following 
farther  Account  of  thefe  Clay  Pipes,  I have 
been  here  recommending,  I beg  Leave  to 
infert  it  for  the  Benefit  of  my  Readers,  and 
that  there  may  be  nothing  wanting  that  may 
recommend  fo  ufeful  an  Invention. 

The  Account  runs  thus : 

A/T  R.  William  Edwards  of  the  Town  of 
XVX  Monmouth,  Patentee  for  the  foie  Ma- 
king and  Vending  of  his  new-invented  Wa- 
ter-Pipes, made  of  common  Clay,  by  a par- 
ticular Method,  and  in  a Manner  never 
heretofore  practifed  by  any  Perfon  but  him- 
felf. 

And  by  whofe  Dire&ions  they  have  been 
fo  placed  and  difpofed  in  Buildings,  to  car- 
ry the  Water  from  the  Roof  and  Gutters 
of  Houfes,  andjlifcharge  the  Water  on  the 
Surface  of  the  narth,  and  into  the  common 
Sewer. 

And  likewife  he  has,  by  his  Servants, 
laid  great  Quantities  of  thefe  Pipes  under- 
ground, for  Aquredudls,  that  now  do  con- 
vey the  Water  for  Eighteen  Hundred  Yards 
in  Length,  difeharging  the  fame  Quantity 
taken  in,  without  the  leaft  Wafte. 

They  are  allowed  by  Men  of  the  belt 
Quality,  and  Gentlemen  of  the  beft  Tafte, 
in  this  Way,  to  exceed  Lead  or  Wood 
Pipes,  both  of  which  are  perilhable  ; where- 
as thefe  will  endure  Ages  to  come,  or,  whac 
may  be  faid,  to  Perpetuity. 

Great  Expence  and  Trouble  is  bellowed 
in  preparing  the  Clay;  as  Pitting,  Walking, 
Rid  ling.  Grinding  it  in  a Mill,  Treading 
it  with  Mens  I*eet,  and  Working  it  witu 
their  Hands  into  Mefl'es,and  then  itisform- 
U ed 
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ed  into  Pipes  upon  a Potter’s  Wheel  to  any 
reafonable  Subltance  : When  they  are  dried 
to  a Temper,  they  are  put  upon  a Mandrel, 
or  Plug  of  Wood,  and  turned  to  great  Ex- 
a Chiefs  upon  a Turner’s  Lathe,  one  End 
being  engrafted  into  the  other,  groove-wife, 
that  receives  the  melted  Cement,  or  Sod- 
der  fo  artfully  into  the  Joints,  which  be- 
comes by  it  more  ftrong  than  any  other  Part 
of  the  Pipe,  altho’  very  remarkable  for  their 
Hardnefs,  bearing  a Fire  in  their  Burning, 
of  the  greateft  Violence,  for  five  or  lix  Lays 
and  Nights  fucceffively,  infomuch  that  they 
become  as  impenetrable  and  hard  as  Flint; 
and,  by  the  Ufe  of  a Steel,  you  may  ftrike 
Sparks  of  Fire  from  Pieces  of  them,  that 
will  light  Tinder,  as  from  Flint. 

Confidering  the  great  Labour  and  Expence 
to  bring  them  about,  with  the  great  Quan- 
tities that  break,  by  the  Violence  and  any 
extream  Change  of  Weather,  and  other  In- 
cidents in  carrying  them  to  and  from  the 
Kiln,  as  well  as  their  Breakage  in  it,  they 
cannot  be  fold  for  lefs  than  the  Prices  fol- 
lowing; two  Inch  Bore  in  the  Diameter 
being  the  lead  Size  made : 


And  to  make  all  thefe  Pipes  more  effec- 
tually good  and  Serviceable,  in  all  Cafes 
and  Works  whatfoever,  Mr.  Edwards  has 
very  well  confider’d  the  Power  of  Air,  as 
well  as  Water,  and  their  Operations  as 
confin’d  within  thefe  Pipes,  and  has  lately 
found  out,  contrived , and  made  Brafs 
Valves,  or  Clacks,  placed  within  his  faid 
Pipes,  at  a proper  Diftance,  which  difeharge 
the  Air,  and,  as  the  Water  prevails,  throw 
up  the  Clack  that  confines  the  Water  from 
ifluing  out,  and  prevents  all  Stragglings  in 
the  two  Pipes,  which  takes  off  two  Thirds 
of  that  Power,  (which  is  generally  called 
FriCtion,  or  rather  the  Interpofition  of  Air,) 
and  facilitates  the  Delivery  of  the  Quanti- 
ties of  Water  they  ought:  By  which  Means 
he  now  makes  Ufe  of  thefe  Pipes  to  con- 
vey Water  from  Engines  of  great  Force  to 
Refervoirs  fix  hundred  Yards  in  Length, 
and  Putty  Foot  high ; and,  as  far  as  I am  ca- 
pable of  judging,  Mr.  Edwards  has  brought 
them  to  lb  great  Perfection,  that  he  is  able 
to  anfwer  all  Objections  that  can  be  raifed 
again!!  him:  And  thefe  Pipes  will,.  I doubt 
not,  be  of  great  Ufe  in  many  Things  not 
yet  thought  of,  as  they  are  in  Cities  for  Up<- 
11  air  Bog-Houfes,  &c. 


T wo  Inch  Bore  (per  Tard)  oa  oo 
Three  Inch  Bore  03  00 

Four  Inch  Bore  04  00 

And  fo  on  y,  6,  7,fo  many  Shillings. 

But  a fccond  Sort  may  be  made,  for 
Works  that  require  lefs  Strength,  and  of 
Clay  unprepar’d,  and  not  digelted  as  a- 
fore-mention’d,  for  and  after  the  Rate  of 
9 d.  per  Tard  every  Inch  in  the  Diameter; 


s. 

d. 

Two  Inch  Bore  (per  Tard) 

01 

06 

Three  Inch  Bore 

02 

03 

Four  Inch  Bore 

03 

GO 

And  fo  on  in  Proportion. 

All  Pipes  are  try’d  upon  Delivery ; and 
if  any  prove  crack’d  or  defective,  they  are 
kid  afide,  to  be  ufed  in  Drains,  or  in  any 
weak  Current  of  Water,  and  are  fold  for 
half  Price  as  others  are. 


He  has  an  Art  in  laying  thefe  Pipes  in 
their  Work,  that  if  a Sediment  of  any  Sort 
works  into  them,  he  lays  in  four,  five, 
or  fix.  Foot  of  walte  Pipe  for  a Lodgement 
for  it,  which  is  inftantly  difeharged. 

Any  Work  that’s  practicable  to  be  done, 
for  6 d.  per  Yard,  two  Inch  Bore,  and  all 
as  proportionable  in  larger  Sizes,  he  wiU 
infure  their  Performance. 

From  the  foregoing  Calculations  of  the^ 
Prices  or  Expences  of  the  different  Kinds  of 
Piping,  I have  drawn  the  Table  following, 
omitting  Iron,  which  are  feldom  or  never 
call  in  fmall  Molds;  befides  rejecting  Al- 
der, Fir,  and  all  thofe  other  Kinds  ot  Pi- 
ping, I draw  the  Parallel  only  between  the 
three  Kinds  fo  much  in  Difpute,  which  are 
Lead,  Wood,  or  Clay.  And,  as  to  the  lau, 

I divide  them  into  two  Kinds,  y v/z.J  thole 
which  are  the  ftrongeft  and  belt  burnt,  ar.d 
thofe  which  are  a little  crack’d  in  the  burn- 
ing; to  which  I fliall  add  a third  Sort, which 
were  made  by  my  Friend  Mr.  Mitchell 
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before  the  Patentee  and  he  had  come  to  a- 
ny  Terms  of  Agreement,  and  which  will 
undoubtedly  ferve  in  all  ordinary  leifurely 
Falls,  or  at  the  Extremity  of  aForce  Work. 

To  this  I fubjoin,  that  the  Price  of  the 
leaden  or  w'ooden  Pipes  are  reckon’d  naked, 
and  at  the  prime  Coft,  without  Solder  in 
one  or  Iron  Bands  in  the  other,  the  Coft  of 
which  is  uncertain;  but  ftill  makes  the  Dif- 
ference between  them  the  greater.  To  this 
I may  Hill  add,  that  the  Prices  of  Lead  are 


fometimes  much  greater  than  I have  fet 
down  ; and  tho’  it  may  be  faid  in  Juftifica- 
tion  of  Lead-Pipes,  that  they  will  fell  at 
laft,  if  any  Gentleman  has  a Mind  to  it; 
yet  ’tis  to  be  fuppofed,  in  Anfwer  to  it,  that 
there  are  few  that  lay  Pipes  with  any  View 
but  to  Perpetuity.  How  long  Lead-Pipes 
will  laft,  without  being  eat,  or  worn  out 
by  the  Earth  they  lie  in,  I need  not  expa- 
tiate on;  nor  need  I fet  down  how  much 
Elm-Pipe  decays  in  a little  Time,  nor  how 
fubjedt  they  are  to  burft. 


Lead 

Wood 

Inch  Bore 

s.  d. 

s.  d. 

2 

6 O 

1 3 

3 

9-  0 

2 0 

4 10  s. 

and  upwards 

2 6 

TdeJlClay  zdBcJIClay 
s.  d.  s.  d. 

20  i 6 

3 ° ^ 3 

40  3 0 


Crack'  dCldy 
s.  d. 

1 o 

1 3 

1 6 


Upon  a View  of  the  above  Table,  it  ap- 
pears, that  the  Expence  of  Clay  Pipe  does 
not  rife,  in  Proportion  to  their  Diameter,  as 
Lead  and  Wood,  on  the  Material,  una- 
voidably does ; for  a Pipe  of  Lead  of  2 Inch 
Bore  is  three  Times  the  Charge  as  that  of 
the  beft  Clay)  whereas  a Pipe  of  4 Inch 
Bore  in  Lead  is  above  five  Times  the  Ex- 
pence of  it  in  Clay.  As  to  the  Expence  of 
the  Cement  which  joins  the  Pipes  together, 
that  is  of  little  Value,  and  the  digging  and 
laying  of  every  Kind  is  always  the  fame: 
So  that  I leave  every  Gentleman  from  this 
View  to  determine  with  himfelf,  which  of 
the  Pipes  are  mod  eligible,  fuppofing  that 
the  Clay  will  fultain  any  Perpendicular 
Weight,  or  even  the  ftrongeft  Stroke  of  an 
Engine,,  which  I dare  anfwer  they  will,  e- 
fpecially  if  you  lay  38  or  40  Yards  of  Iron 
Pipe  next  to  the  faid  Engine  ? which  is  all 
I have  to  add  in  this  Affair. 

Chap.  VI-  Line  1.  Lib.  6.  Pag.  96.  Here  fol- 
lows a 'fable  of  the  Earth's  Curvature , &c. 
This  Note  lhould  have  been  put  in  another 
Place,  but  that  it  was  in  a Hurry  overlook- 
ed : However,. that  I may  do  the  utmoft  Ju- 
llice  I can  to  the  Memory  of  fo  great  a Man, 

I (hall  recite  his  Opinion  on  this  fo  Mathe- 
matical and  ufeful  a Calculation,  as  it  re- 
lates to  the  Curvature  of  the  Earth,  and 
therein  the.- Conveyance  of  Water  from  one 
Place  to  another. 

This  ingenious  Gentleman,.  Pag.  y8.  of 


his  Mathematical  Compendium,  that  in  car- 
rying a Stream  or  River,  fuch  as  the  New 
River  from  a little  above  Ware  to  London, 
or  elfewhere,  you  muff  allow  a Foot,  or  a 
Foot  and  two  Inches,  for  a Mile  inDefcenr, 
or  more,  if  your  Fall  requires  it;  and  this 
becaufe  of  the  Tangent  from  the  Surface  of 
the  Globe  of  the  Earth  in  every  Mile;  and 
tho’  in  a Mile  it  will  be  found  to  be  but  fix 
Inches,  yet  it  is  better  to  hold  to  the  furer 
Side;  tho’  later  Experience  fhews,  that  this 
great  Man  was  miftaken,  for  that  Water 
will  defeendvery  well  in  an  open  Sewer 
at  about  four  Inches,  or  four  Inches  and  a 
half  in  a Mile’s  Fall. 

But  for  Common  Sewers,  or  Paffages  to 
carry  off  Water  and  Dirt  in  Streets  and 
Towns,  for  every  ten  Foot,  you  ought  to 
allow  two  or  three  Inches  Fall,  or  more, 
if  you  can,  which  in  every  hundred  Foot 
will  be  one  Foot  eight  Inches  Fall.  If  you 
allow  two  Inches,  or  two  F’oot  fix  Inches, 
you  allow  three  Inches;  and  the  more  the 
Fall  will  allow,  the  better  it  is. 

This  Note  F alfo  infert,  for  that  I have  by 
Millake  mifreprefented  what  this  ingenious 
Author  fays,  as  to  the  Delcent  proper  for 
Water,  which  Miftakes  are  to  be  found 
M?.  103, 104. 

Chap.  V.  Pag.  83.  Line  26.  When  yon 
dig  for  a Well,  great  care  ought  to  be  taken 
of  the  Steneing  (not  Stewing  it,  as  it  is,  by 
Miftake,  in  the  printed.  Sheet)  the  Sides,  to 
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keep  it  from  tumbling  in,  but  to  take  care 
that  the  Effluvia’s  of  the  IVater , &c.  This 
is  the  Direction  of  the  learned  Vitruvius , as 
Varenius  tells  ns  from  Lib.  viii.  Cap.  7. 
and  not  Lib.  x Cap.  6.  is  in  the  Defcrip- 
tion  before-going,  which  is  fo  particularly 
fet  down  by  thole  Authors,  that  I (hall  fi- 
nifh  thefe  Annotations  with  a full  Account 
of  it:  In  puteorum  autem foffionibus  non  eft 
contemnenda  ratio , fed  acuminibus  folertiaque 
magna  naturalcs  rerum  rationes  conftderanda ; 
quod  habet  multa  v ariilque  terra  in  fe  genera. 
Eft  exim , nti  reliance  res , ex  quatuor  princi- 
ples compofita  ; ft  primura  eft  ipfa  terrena , 
habet que  ex  humor e aquee f antes . Item  calores, 
unde  etiam  fulphur , alumen , bitumen  nafeitur , 
aerifque  fpiritus  immanes  ; qui  cum  graves , 
per  intervenia  fiftulofa  terree , perveniunt  ad 
fofflonem  puteorum , ft  ibi  homines  offendunt 
fodientes , naturali  vapore  obturant  in  eorum 
naribus  fpiritus  animates : ita  qui  non  celerius 
inde  effugiunt , ibi  interimuntur . Hoc  autem 
quibus  rationibus  caveatur , Jic  erit  faciendum. 
Lucerna  accenfa  demittatur , quee  Ji  perman- 
ferit  ardens , fine  periculo  defeendetur.  Sin 
autem  eripietnr  lumen  vi  vaporis , tunc  fecun- 
dum  puteum  dextra  ac  fwiftra  defodientur  a- 
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ftuaria , ita  f quemadmodum  per  flares')  fpiritus 
ex  ceftuariis  dijftpabuntur.  Cum  hac  ftc  ex- 
plicate1 fuerint , if  ad  aquam  erit  perventum , 
tunc  puteus  ita  fepiatur  Jlrudlura , ne  obtu- 
rentur  vena.  Sin  autem  loca  dura  erunt , aut 
in  imum  vena  penitus  non  fuerint,  tunc  figni- 
nis  operibus  ex  tedlis,  aut  a fuperioribus  locis 
excipienda  f unt  copice.  In  figninis  autem  ope- 
ribus  hac  funt  facienda , uti  arena  primum  pu- 
rijjima  afperimaque  paretur,  c amentum  de  Ji- 
lice  frangatur , ne  gravius  quam  librarium , 
calx  quam  vehementijjima  mortario  mifeeatur , 
ita  ut  quinque  partes  arena  ad  duas  calcis  re- 
fpondeant : mortario  camentum  addatur , ex 
eo  parietes  in  foffla  ad  libr amentum  altitudinis 
fat ura  deprefja , calcentur  vedlibus  ligncis  fer- 
ratis.  Parietibus  calcatis,  in  medio  quod  erit 
terrenum , exinaniatur  ad  libramenturn  imum 
parietnm , ft  exaquato  folo  ex  codem  morta- 
rio calcetur  pavimentumad  craffitudinem,qua 
conflitutafuerit.  Ea  autem  loca  ft  duplicia  aut 
trip’icia  fadla  fuerint,  uti percolationibus  aqua 
tranfmutari  poftint,  multo  falubriorem  ejus  tt- 
fum  efficient.  Lvmus  enim  cum  habuerit  quo 
fubjidat , limpidiov  aqua  fiet , eft  fine  odoribus 
confervabit  faporem:  ft  non , falem  adai  ne- 
ceffle  erit , ft  extenuari. 
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CHAP.  u. 

Of  Hydroftaticks , its  Etymology,  Definitions , dec. 

I T H OUT  Doubt  the  Etymology  or  Derivation 
or  Hydroftaticks,  though  it  is  (being  a Compound) 
a Word  rarely  to  be  found  in  any  of  our  Glofiaries, 
(at  lealt  in  any  of  thofe  that  have  fallen  into  my 
Hands)  is  from  YAfrp  or  perhaps  rather  from  ‘v^pfe 
Aqua,  Water,  or  of  or  belonging  thereto,  and  sxtim 
Statice , which  fignifies  a weighing  or  ballancing,  which  being 
join’d  together  fignify  the  Equipondium,  weighing  or  ballancing 
of  Water  and  other  Liquids ; and  in  this  Senfe  Marriotte  and 
other  Writers  in  Hydroftaticks  ufe  it,  when  they  difeourfe  of  the 
Equilibrium  of  Water,  and  other  Liquids  and  Fluids,  by  their 
Gravity,  Elalticity,  Impulfe,  and  the  like. 

O Z ANA M defines  Hydroftaticks  to  be  that  Part  of  Me- 
chanicks,  which  confiders  the  Weight  of  Liquids,  and  efpecially 
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of  Water,  or  folid  Bodies  immers’d  into  or  laid  upon  Liquids,  by 
comparing  them  with  each  other,  and  that  though  Liquids  are 
ponderous,  neverthelefs  they  have  not  of  themfelves  a Center  of 
Gravity,  becaufe  their  Parts  are  not  fo  link’d  together  as  to 
fuftain  one  another  in  Equilibrio  about  one  certain  Point,  unlefs 
they  are  fhut  up  in  a Veifel,  and  then  there  may  be  obftrv’d  a 
crreat  deal  of  Conformity  occurring  in  Staticks,  and  Hydroftaticks 
which  will  be  occafionally  explain’d.. 

For  as  by  Staticks,  it  is  known,  that  the  Weight  of  Bodies 
encreafe  according  to  their  Diftance  from  the  Perpendicular,  juft 
fo  on  the  contrary  it  is  known  by  Experience ; in  Hydroftaticks 
that  the  Weight  encreafes  its  Gravity,  as  it  comes  nearer  to  a 
Perpendicular  ; but  of  this  more  in  its  proper  Place,  and  to  go  on. 

Altho’  the  Word  Hydroftaticks  feems  in  its  literal  Conftru- 
£tion  to  belong  to  Water  only,  yet  it  is  now  us’d  more  generally, 
and  is  apply’d  to  all  Sorts  of  Fluids,  as  Air,  Flame,  ©c.  to  which 
may  be  added  of  Liquids,  Oyl,  Mercury,  Wine,  Ale,  Beer;  be- 
caufe all  theft  other  Bodies  naturally  fall  within  the  Compafs  of 
Hydroftaticks,  though  they  have  not  exaftly  the  fame  Properties 
as  Water  has;  for  Air,  Flame,  and  I may  add  Sand,  are  Fluids 
(as  Marriotte  Part  i.  Diftourfe  i.  well  defines)  Oyl,  Mercury, 
and  other  Liquors  are  both  fluid  and  liquid;  for  every  Liquid  is 
a Fluid,  but  every  Fluid  is  not  a Liquid. 

By  a Liquid  is  meant  fuch  a-  Fluid  as  being  in  a more  fuffi- 
cient  Quantity  will  flow  and  extend  itfelf  under  the  Air,  till  its 
upper  Surface  be  level,  and  becaufe  Air  and  Flame  want  that  Pro- 
perty, they  are  not  call’d  Liquids  but  Fluids;  fo  alfo  Hardnefs 
and  Firmnefs  are  oppos’d  to  Fluidity,  becaufe  a hard  Body,  fuch 
as  Iron  and  Stone,  is  pafs’d  through  with  much  greater  Difficul- 
ty, than  Liquids  and  Fluids  are,  and  when  it  is  pafs’d  through, 
its  Parts  do  not  fo  eafily  unite  and  join  together  again  ; on  the  contra- 
ry Fluids,  fuch  as  Air,  Water,  &c..  immediately  reunite,  and  in  this 
jt  is  that  Fluidity  confifts. 

So  alfo  it  is  that  fine  Sand  may  be  call’d  a Fluid,  but  not  a 
Liquid,  becaufe  it  does  not  run  or  flow  upon  an  inclin’d  Plain, 
and  when  a Veflel  is  fill’d  with  it,  the  upper  Parts  do  not  of 
themfelves  run  to  a Level  fo  eafily  as  Water  does. 

I Shall  in  feme  of  the  following  Chapters  define  and  ex- 
plain the  wonderful  Properties  of  Air,  and  its  Ufes  in  Hydro- 
ftatick  and  Hydraulick  Motion;  but  as  Water  is  the  chief  Thing 
to  be  confider’d  in  this  Chapter,  it  feems  requifite  I fhould  make 
the  cleared  Definition  of  it  I can,  in  what  Manner  it  is  compar’d 
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with  other  Fluids,  efpecially  Air,  and  confider’d  of  in  Relation 
to  itfelf. 

Now  by  Water  is  not  meant  that  Part  of  the  Globe  fo  call’d, 
nor  do  we  build  or  even  confider  it  according  to  that  of  Archi- 
medes, who  lays  it  down  as  a Rule  certain  that  the  whole  Body 
of  Water  is  fpherical  (even  when  it  is  not  moved)  and  that  its 
Superfices  has  for  its  Center  that  of  the  whole  Earth  ; but  in  Re- 
lation to  Air  and  Water  it  is  neceflary  to  have  a Regard  as  well  to 
certain  Things  whereof  they  are  capable,  as  to  thole  wherein  they 
cannot  fuffer  any  Accident. 

For  Water,  though  it  may  be  extended  by  the  Intermixture  of 
Air,  or  attenuated  or  converted  into  Air  by  the  Means  of  Heat 
which  refolves  it,  yet  neverthelefs  it  can’t  be  prefs’d  ; that  is  to  fay, 
that  a certain  Quantity  of  Water  cannot  be  forc’d  by  Compreffion, 
fo  as  to  be  contain’d  in  lefs  Space  then  its  natural  State:  Where- 
as  Air,  on  the  contrary,  may  be  reftrain’d  and  put  up,  when  it  is 
prefs’d  or  ratified,  or  mov’d  beyond  the  other  Accidents  of  which 
it  is  capable ; all  which  will  be  demonftrated  by  Propofitions  de- 
duc’d from  Experience  itfelf  in  the  Courfe  of  the  enfuing  Treatife. 

And  to  proceed  in  Relation  to  Water  ablf rafted  from  thofe 
Properties,  there  are  feveral  others  which  are  produc’d  in  the  Hy- 
droftatick  Way  of  Reafoning,  lome  properly  and  others  improperly. 

As  fiift  that  * W ater  is  call’d  moilt  or  humid  tho’  improperly, 
notwithftanding  Archimedes  himfelf  -in  his  two  excellent  Books 
de  Inf  dent  thus  Humido,  Part  24.  as  we  have  it  from  the  learned 
Barrow,  ufes  it  in  that  Senfe.,  becaufe  fay  they,  it  is  only  that  which 
is  moiftned  by  Water,  that  can  properly  be  call’d  humid,  and  in 
this  Senfe  it  is  that  Air  is  humid,  when  fill’d  with  aqueous  Va- 
pours ; Diynels  is  contrary  to  Humidity,  and  a Cloth  which  is  find 
to  be  humid,  when  it  is  wet,  is  laid  to  be  dry,  when  the  Water 
whereby  it  was  wet„  is  evaporated. 

2 b-  Water  is  hard  and  liquid  fuccefiively,  its  natural  State  be- 
ing Ice,  that  is,  when  no  external  Caufe  afts  upon  it,  it  remains  firm 
by  the  Froft  or  any  other  artificial  Caufe,  and  not  liquid,  and  again 
upon  a moderate  Degree  of  Heat  it  becomes  liquid  and  flowing. 

fy.  In  Water,  I may  add  Wine  &c.  there  is  an  aerial  Matter 
that  is  intermixt  with  it,  as  may  be  perceiv’d  when  you  fet  a 

. * Whoever  will  be  more  fully  fatisfied  of  the  Nature  of  liquid  and  hard  Bodies 
in  general,  and  of  the  feveral  Properties  of  Water  in  particular,  may  have  Recourfe 
to  Rohaulth  Pbyficks,  with  the  Notes  on  it  by  our  learned  Dr.  Clarke  Re&or  of  St, 
JameS' s,  Part  1.  Chap.  22.  Pag.  109.  efc.  Where  it  is  very  curioullv  handled  and 
explain  d by  thofe  two  great  Men. 
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Veflel  of  Water  upon  the  Fire ; for  then  feveral  Bubbles  of  Air  form 
themfelves  at  the  Bottom  of  the  Veflel,  and  afterwards  rife  up  to 
the  Top  of  the  Water  ; fuch  kind  of  Bubbles  alfo  are  form’d  in 
Water  when  it  freezes,  which  finding  no  Paflages  through  the 
Ice,  do  in  its  endeavour  to  extend  itfelf,  break  the  fame. 

4 ly.  That  all  Particles  of  Air  have  a centrifugal  Force  which 
repel  each  other  from  their  refpe&ive  Centers  ; which  is  the  Reafon 
why  Air  in  Water  takes  up  more  Room  when  in  Bubbles,  than 
when  it  is  as  it  were  invifibly  difpers’d  and  dilfolv’d  in  Water  ; 
for  when  thofe  feveral  Particles  of  Air  are  got  together  in  the 
Formofa  Bubble.,  then  their  centrifugal  Force  exert  themfelves  fo,  as 
to  make  them  recede  farther  from  each  other,  than  they  would  do 
were  there  Particles  of  Water  between  them,  which  bring  the 
Particles  of  Air  nearer  together,  in  their  repelling  Force,  than  they 
would  otherwife  allow. 

And  5 ly.  from  the  following  Experiments  it  may  be  known 
that  Air  will  infinuate  itfelf  into  Water  or  any  other  Liquid; 
for  if  you  boil  Water  for  three  or  four  Hours,  and  when  it  is 
cold  again  fill  a fmall  glafs  Vial  full  of  that  Water,  then  putting 
your  Finger  on  the  Vial,  invert  in  it  a Glafs  of  Water  in  fuch  a 
Manner  that  there  be  a Bubble  of  Air  at  the  Top  of  the  Wa- 
ter about  as  big  as  a hazle  Nut ; then  you  will  find  that  in  twen- 
ty four  Hours  the  Bubble  will  difappear,  and  by  trying  the  fame 
Procefs  over  and  over  again  you  will  find  the  fame  Effects  till 
the  Water  will  fuck  in  no  more. 

This  is  certainly  demonllrable  by  bottled  Ale,  for  if  you  fill 
the  Bottle  but  half  Way  up  to  its  Neck  and  cork  it  well,  the 
Air  that  remains  in  that  Space  will  by  Degrees  infinuate  itfelf  into 
the  Liquor,  and  is  in  a great  Meafure  that  Spirit  which  preferves 
and  gives  it  that  Brisknefs,  with  which  after  fome  Continuance  it 
abounds,  which  with  feveral  Obfervations  on  Spirits  of  Wine 
are  fuflicient  Demonftrations  that  there  are  great  Quantities  of  im- 
perceptible Air,  in  Water  and  other  Liquids,  which  is  the  Caule 
of  a kind  of  Elafticity  in  it,  becaufe  abftra&ed  from  it  there  is  no 
fenfible  Elafticity  in  Water  itfelf,  any  other  than  that  it  makes  an 
Equilibrium  with  other  Bodies  by  its  own  Weight,  or  by 
the  Impulfe  which  it  thus  receives  from  Air. 

There  is  alfo  a fixth  Property  in  Water,  which,  how  improperly 
foever  it  be.,  has  taken  Place  in  the  Cartejian  Philofophy,  and  that 
is  that  Vifcuofity  which  is  by  them  fuppos’d  to  be  in  it,  and  that 
every  Particle  of  Water  being  in  a conftant  Motion  have  a Kind 
of  Figure  proper  to  hook  and  unite  themfelves  to  thofe  of  the 
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fame  Kind,  and  that  they  fallen  to  each  other  alfoon  as  by  that 
Motion  they  come  to  touch,  which  is  the  Occafion  of  that  Fri- 
ction that  is  againil  the  Sides  of  Pipes,  &c. 

But  this  Vifcuofity  may  be  rather  (as  Dr.  Defaguliers  in 
his  Notes  on  Marriotte  has  it)  call’d  the  Attraction  of  Co- 
hasfion,  by  which  the  Parts  of  Bodies  cohere  Itrongly  in  Con- 
tact, but  aCt  but  very  little  one  upon  another  at  a fenfible 
Diftance,^  as  that  of  a Drop  lqueez’d  from  an  Orange  demon- 
ftrates.;  lor  if  Cohaefion  were  owing  to  the  hooking  of  Particles 
together,  there  mult  be  lecond  Hooks  to  hold  the  firil,and  third  Hooks 
to  hold  the  lecond,  and  lo  on  ad  infinitum , which  is  a very 
unphilofophical  Suppofition;  and  that  this  Cohsfion  relates  to  Fri- 
ction, or  which  is  indeed  a Term  more  proper  for  it,  will  be  far- 
ther demonftrated  in  its  proper  Place. 

From  thefe  Preliminaries  then  concerning  the  Etymology  of  Hy- 
drolfaticks,  the  Definition  of  Liquids  and  Fluids,  and  the  Proper- 
ties of  Water,  ISc.  let  us,  to  fum  up  all,  have  Recourfe  to  the  Me- 
thod Dr.  Ttefiagnliers  has  defin’d  the  Principles  of  Hydroilaticks 
by,  in  his  excellent  LeCtures  on  Experimental  Philofophy,  in  the 
following  Manner. 

* ft'  f ^ Fluid  is  a Body,  whofe  Parts  yield  to  any  Force  im- 
‘‘  prefs’d,  and  by  yielding  are  eafily  put  in  Motion. 

idly.  “ A Solid  is  a Body  whofe  Parts  are  fo  connected,  as  not 
“ to  be  divided  without  a determinate  Force ; but  by  Solidity  he 
“ does  not  mean  that  Property  of  Bodies  whereby  they  refill  Pene- 
<£  tration,  but  the  Coherence  of  the  Parts,  by  which  they  endea- 
“ vour  not  to  be  feparated  ; and  thus  as  before  according  to  Ozanam 
“ a Fluid  is  a Body  which  is  eafily  palled  through,  and  whofe  lepa- 
“ rated  Parts  join  again  immediately  ; as  Air,  Flame,  Water,  Mer- 
“ cury,  and  other  Liquids  do  : A Liquid,  which  is  a Fluid  alfo 
“ continually  fpreads  itlelf  below  the  Air,  till  its  upper  Surface  is 
“ level,  or  in  a Horizontal  Pofition,  ut  antea. 

~>d!y.  “ Gravity  is  that  Force,  which  pufhes  Bodies  downwards. 
fihly.  “ One  Body  is  faid  to  be  intenfely  or  fpecifically  heavier 
“ than  another,  when  it  has  more  Weight,  and  tile  fame  Bulk,  or 
“ as  much  Weight  and  a lefs  Bulk, 
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“ Let  A,  be  an  Inch  Square  of  Wood,  and  B,  an  Inch  of  Lead 
u if  B weighs  4 Ounces,  and  A but 
46  one,  B will  have  tour  Times  the 
“ fpecifick  Gravity  of  A. 

“ Os,  let  A be  an  Ounce  of  Wood, 

44  and  B an  Ounce  of  Lead,  if  A be 
44  four  Times  greater  than  B,  then  B 
44  will  have  four  Times  the  fpecifick 
u Gravity  of  A ; for  there  is  a reci- 
44  procal  Proportion  between  the  Bulk, 

“ and  the  fpecifick  Gravity  of  JEqui- 
44  ponderous  Bodies. 

See  the  Squares. 

The  Properties  of  Fluids  in  RefpeT  to  their  Gravitation,  &c. 
have  been  handled  in  a very  accurate  Manner  by  the  learned 
Wallis , Boyle  and  others,  in  near  co  Propofitions ; all  which 
may,  I think,  be  reduc’d  into  two,  and  thofe  are  concerning  thofe 
Bodies  which  prefs  upon  the  upper,  and  thofe  that  prefs  upon 
any  Parallel  Surface  within  the  Fluid. 

The  primary  Property  of  heavy  Fluids  are  thefe,  (to  ufe  the 
Words  of  a learned  Divine  on  this  Head)  that  if  a heavy  Fluid, 
as  A,  B,  C,  D,  (Fig-  1 \ of  the  following  Plate)  be  either  not 
prefs’d  at  all,  or  equally  prefs’d  from  above,  its  upper  Surface  A,  B, 
will  lie  Horizontal  or  Level.  And  if  the  laid  Level  be  difturb’d, 
it  will  by  its  own  Gravity  return  to  the  fame  Level  of  its  upper 
Surface;  for  the  lower  Particles  of  the  Fluid  will  not,  by  Reafon 
of  their  Gravity,  afcend  upwards  of  themfelves  to  raife  any  Part 
of  the  faid  Surface  above  the  other  ; ( for  as  Dr.  T)efagu - 
Iters  demoriftrates  Prop.  1.  of  his  Hydroftaticks,  the  fuperiour 
Parts  do  prefs  upon  the  inferiour  by  their  Gravity ; ) nor  can  thofe 
upper  Particles  defeend,  fince  there  is  no  Room  for  them  in  the 
lower  Part  of  the  Veffel,  it  being  taken  up  by  thofe  other  Particles 
of  equal  Weight  with  themfelves  : And  therefore  if  there  be  no 
PrefTure  at  all  from  above,  or  an  equal  Frelfure,  then  there  is  no- 
thing to  difturb  or  alter  the  Level  of  the  upper  Surface;  but  if  it 
be  difturb’d,  the  Fluid  will  return  to  its  Level,  becaufe  the  higher 
Part  H,  I,  (Fig.  1.  Tabula  feq.')  being  heavier,  will  partly  de- 
prefs  the  Particles  under  it,  and  will  partly  run  down  into  the  low- 
er Part,  and  that  fo  long  as  any  one  Part  of  the  Surface  is  higher 
than  the  other. 

And  on  this  Principle  (as  the  learned  Dr.  has  it)  are  founded 

all  Water-works  and  Fountains  ; that  according  to  the  Height 

of 
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of  their  Refervatories,  fo  high  will  the  Water  rife  Quiz.)  if  the 
Refervatory  be  twenty  Foot,  the  fpouted  Water  will  rife  twenty 
Foot,  allowing  for  the  Refiftance  of  the  Air. 

To  demonlfrate  this  Principle  farther.  If  the  Fluid  (Fig.  2.  of 
the  following  Plate)  be  from  above  unequally  prefs’d,  it  is  obvious, 
that  the  Part  thereof  A,  E,  which  is  moft  prefs’d,  will  defcend,  the 
Particles  fo  prefs’d  thrufting  out  of  their  Places  the  other  Parti- 
cles, that  are  either  not  prefs’d  at  all,  or  lefs  prefs’d ; which  there- 
fore will  afcend  to  H,  I,  in  Proportion  to  the  Defcent  I,  G,  of  the 
Particles  prels’d  A,  E,  namely,  as  the  Part  prefs’d  A,  E,  is  equal  to- 
ol' not  lefs  prefs’d,  E,  B,  fo  the  Afcent  E,  H,  or  B,  I,  will  be  equal, 
to  the  Defcent  A,  F,  or  F,  G. 

What  has  been  faid  of  the  upper  Surface  A,  B,  holds  good  of 
any  other  parallel  Surface  within  the  Fluid,  as  E,  F,  (Fig.  3.)  name- 
ly, if  it  be  equally  prefs’d  by  the  upper  Part  of  the  Fluid,  and  with- 
al by  any  thing  elfe  fwimming,  either  at  the  Top  or  within  the. 
Fluid,  it  will  retain  its  Florizontal  Situation  or  Level;  but  if  it  be 
any  where  prefsM  more  than  in  other  Parts  of  it,  there  it  will  fink, 
the  Parts  of  it  which  are  lefs  prefs’d  afcending  as  that  defcends  , and 
from  what  has  been  hitherto  faid,  may  be  inferr’d  the  following  Pro- 
pofitions  as  fo  many  Corollaries. 

Coroll.  1.  If  an  heavy  Body  E,  F,  H,  B,  (Fig.  4.)  lying  upon 
a Fluid  A,  B,  be  of  an  equal  Weight  with  the  Air  that  takes  up  an 
equal  Space  A,  H,  E,  G,  the  Surface  A,  B,  of  the  Fluid  will  re- 
tain its  Level,  as  being  every  where  equally  prefs’d. 

Coroll.  2.  If  the  Body  E,  F,  I,  K,  (Fig.  5.)belighter  than  the  Air 
which  takes  up  the  like  Space,  then  the  faid  Body,  and  the  Particles- 
of  the  Fluid  under  it,  will  afcend,  till  the  Aggregate  of  the  Body 
I,  K,  E,  F,  and  of  the  Parts  E,  F,  FI,  B,  of  the  Fluid  fo  afcend- 
ing ( viz  J I,  FI,  B,  K,  be  of  equal  Weight  with  the  Air  that  takes 
up  the  like  Space  G,  A,  H,  I,  for  then  the  Surface  A,  B,  will  be 
equally  prefs’d  every  where,  both  in  A,  H,  and  H,  B. 

Cor  oil.  3.  If  the  Body  E,  F,  A,  B,  ( Fig.  6.)  be  heavier  than 
the  Air  of  a like  Bulk,  then  the  Body  will  fwjm  in  the  Fluid,  de- 
fcending  fo  far  into  it,  till  the  Aggregate  of  the  Air  G,  E,  I,  K, 
and  the  Fluid  I,  K,  A,  FI,  (viz.)  A,  H,  E,  G5  which  take  up  to- 
gether like  Space  with  the  faid  Body,  be  of  equal  Weight  with  the 
Body;  for  the  Surface  A,  B,  will  become  equally  prefs’d,  both  in 
A,  H,  and  II,  B, 

Coroll . 4.  If  the  Body  E,  G,  D,  F,  (Fig.  7.)  be  heavier  not 
only  than  the  Air,  but  alfo  than  the  Water,  or  any  other  Fluid  that 

takes. 
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takes  up  the  like  Space  H,  C,  G,  E,  then  the  Body  will  fink  quite 
to  the  Bottom  C,  D,  there  being  nothing  to  counterpoife  or  bear  it 
up  till  it  comes  to  the  Bottom.  For  the  Body  being  fuppos’d  to  be 
put  on  the  upper  Surface  A,  B,  and  to  lie  upon  the  Part  I,  B,  there- 
of, it  being  heavier  than  a like  Bulk  of  Air,  the  Part  of  the  Fluid 
I,  B,  D,  E,  will  be  more  prefs’d  thereby,  than  the  other  Part  of 
the  Fluid  A,  I,  E,  C,  by  the  Air,  and  therefore  the  Particles  I,  B, 

D,  E,  will  defcend.  And  in  like  Manner  when  the  Body  is  come 
to  G,  F,  it  being  heavier  alfo  than  a like  Bulk  A,  H,  G,  I,  of  Wa- 
ter, it  will  {Fill  prefs  the  Parts  of  the  fluid  Water  G,  F,  more  than 
thofe  that  are  under  G,  H,  and  therefore  will  caufe  the  Parts  un- 
der G,  F,  {Fill  to  give  Way,  till  it  comes  to  the  Bottom  C,  D,  than 
the  Water  of  a like  Bulk,  and  fo  mu  ft  fink  according  to  the  Princi- 
ples of  Hydroftaticks  aforementioned. 

If  a Fluid  (Fig.  9.)  particularly  Mercury  or  Quickfilver,  con- 
tain’d in  the  Tube  C,  D,  prelfes  on  the  Part  C of  the  Surface  A,  B, 
more  than  the  Air  preffes  on  the  other  Parts,  C will  defcend  and  the 
Quickfilver  run  down  out  of  the  Tube,  till  what  is  left  at  C,  I,  in 
the  Tube  prelfes  C,  juft  as  much  as  the  other  Parts  are  prets’d  by 
the  Air.  And  then  no  more  will  run  out  of  the  Tube,  becaufe  of 
the  equal  Preflure  in  all  Parts  of  the  Surface  A,  B : Where  it  is  to 
be  noted,  that  this  Weight  of  the  Quickfilver  C,  I,  is  equivalent 
to  the  Weight  of  a Column  of  Air  extended  from  the  Surface  A,  B, 
up  to  the  Top  of  the  Atmofphere,  and  of  the  fame  Bafis  or  Diame- 
ter of  the  Tube  C,  D. 

And  it  is  obfervable  (Fig.  10.)  that  the  Quickfilver  will  rife  up 
juft  to  the  fame  Height  in  the  oblique  or  Hoping  Tube  E,  G,  as  it 
does  in  the  upright  Tube  D,  C,  although  the  Quickfilver  E,  F,  in 
the  Tube  E,  G,  be  more,  and  confequently  heavier  than  the  Quick- 
filver C,  I,  in  C,  D.  The  Reafon  whereof  is  this,  that  as  much 
as  the  Quickfilver  E,  F,  is  more  than  the  Quickfilver  C,  I, 
fo  much  greater  is  the  Bale  E,  than  the  Bafe  C.  This  be- 
ing equal  to  the  Bafe  of  the  Cylinder  E,  K,  wherein  the  Quick- 
filver E,  Hj  will  be  found  to  be  juft  fo  much  as  the  Quickfilver 

E,  F,  by  Reafon  of  the  two  Tubes  E,  K,  and  E,  G,  being  Cylin- 
ders of  equal  Height  upon  the  fame  Bafes,  and  therefore  equal  to 
one  another  : Now  it  is  obvious  that  fuppofing  the  Bafe  E,  to  be 
twice  as  Big  as  the  Bafe  C,  and  confequently  the  Quickfilver  Ej 
H,  in  the  Tube  E,  K,  or  the  Quickfilver  E,  F,  in  the  Tube  E,  G, 
to  be  twice  as  much  as  the  Quickfilver  C,  I,  in  the  F'ube  C,  D, 
it  evidently  follows  that  as  the  Quickfilver  C,  I,  does  equipon- 
derate 
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derate  to  a Column  of  Air  of  the  fame  Bafe  C,  fo  will  the  Quick- 
film-  E,  H,  or  E,  G. 

Coroll.  5.  Upon  the  fame  Principles,  if  a Body  G,  H,  I,  K 
(Fig.  8.)  be  immerg’d  into  the  Fluid,  and  be  of  equal  Weight  with 
fo  much  E,  F,  G,  H,  of  the  Fluid,  as  takes  up  the  like  Space, 
that  is  in  fihort  to  be  of  the  lame  fpecifick  Gravity  with  the 
Fluid,  then  the  faid  Body  will  flay  where  it  is  plac’d  in  the  Fluid 
without  either  fifing  or  linking;  for  the  Surface  E,  I,  being  equally 
prels  d all  along,  the  laid  Body  cannot  rife,  and  the  Surface  F K 
being  all  along  equally  prefs’d,  neither  can  the  faid  Body  fink.  ’ 

Bu  t if  one  of  the  faid  Fluids  be  fpecifically  lighter  than  the  other,  and 
consequently  the  Bulk  G,  H,  I,  K,  be  lighter  than  the  Bulk  E 
F,  G FI,  it  evidently  follows  that  the  Surface  I,  K,  will  be  more 
prels  d in  F,  H,  than  in  H,  K ; and  confequently  the  Body  G H 
I,  K,  will  be  thruft  up  and  rife  higher  and  higher  for  the  fame 
Keaton,  till  it  comes  to  fuch  a Situation,  as  that  it  is  of  equal 
Gravity  with  fo  much  Air  (which  in  this  Cafe  is  fuppofs’d  to 
be  hghtei  than  the  Body)  and  lo  much  of  the  Fluid  as  takes  up 
an  equal  Space  with  it  (as  is  reprefented  in  Fig.  61)  But  laftly  if 
the  Body  be  of  the  fame  fpecifick  Gravity  with  the  Air,  then  it 
wiU  nfe  t0  the  very  Top  of  the  Fluid,  as  in  Fig.  4.  I fhall  not 
attempt  to  reduce  to  Practice  all  that  might  be  faid  in  the  feveral  Ca- 
fes of  Hydroltaticks ; but  from  what  has  been  already  noted  it  iseafy  to 
account  for  feveral  Occurrences  that  naturally  offer  themfelves  in 
Fluids,  I mean  in  that  Part  of  Flydroftaticks  that  is  the  Defign 
of  myprefent  Undertaking;  and  from  hence  it  is  eafy  to  tell  why 
we  don  t fee  1 the  Weight  of  a Bucket,  and  the  Watef  that  is  in  it 
when  we  draw  Water,  till  it  begins  to  rife  out  of  the  Water* 
Namely  becaufe,  fuppofing  the  Bucket  with  the  Water  in  it  to  he 
reprefented  (/>£  8.)  by  G,  H,  I,  K,  it  being  of  the  fame  Gra? 
vity  with  the  like  Bulk  of  Water  E,  F,  G,  H,  the  Surface  F K 
wdl  be  equally  prefs’d  both  in  F,  H,  and  H,  K;  and  therefore* 
the  Bucket  of  Water  can’t  defeend,  but  is  held  up  by  the  Water 
under  it,  and  confequently  the  Weight  of  it  is  no  more  felt,  than 
is  a Weight  which  is  counterpoiz’d  by  an  equal  Weight  upon  a 
Ballance : And  the  fame  holds  all  the  while,  the  Bucket  is 
drawing  up,  to  the  Surface  A,  B,  where  it  and  the  Water  in  it 
coming  into  the  Air,  fo  much  fpecifically  lighter  than  the  Water 

^ the  Bucket,  the  Air  can’t  luftain  it,  and  fo  mull 
be  luftain  d by  him  that  draws  up  the  Bucket. 

Hence  alio  it  is  eafy  to  account  how  the  Weight  of  anv 
mighty  Ship  is  fupported  by  Water,  it  being  of  equal  Weight 

^ with 
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with  that  of  fo  much  Water  as  in  Bulk  is  equal  to  the  immers’d 
Part  of  her,  or  (as  the  learned  Boyle  and  from  him  Dr.  Harris  in 
his  Lexion  Technicum  obferves)  to  that  Part  of  her  Hull  which 
is  underneath  the  Surface  of  the  Sea. 

According  to  the  fame  Principles  alfo  we  may  eafily  tell 
why  one  Liquor  will  fwim  upon  another,  or  remain  at  Top 
without  mixing,  if  it  be  poured  on  gently;  as  Oyl  in  refpeH 
of  Water;  and  Water  in  refpe£t  of  Quick-filver : Namely  be- 
caufe  Oyl  is  fpecifically  lighter  than  Water,  and  Water  than 
Quick-filver. 

Moreover  the  Reafon  why  a Log  of  Wood  that  has  been 
fwimming  a long  Time  upon  Water,  but  will  fink  at  laft,  is  this, 
{vizi)  Becaufe  fueh  a Piece  of  Wood  may  be  of  the  fame  or 
greater  fpecifick  Gravity  than  Water,  fetting  afide  the  Pores  of 
the  Wood  ; but  by  reafon  the  Pores  of  Wood  are  full  of  Air,  the 
Air  which  fills  the  faid  Pores  and  the  Wood  together  make  up  one 
whole,  lighter  than  an  equal  Bulk  of  Water,  and  therefore  the 
Wood  will  not  fink  at  firft.  But  after  fome  Time  the  Water  being 
got  into  the  Pores,  and  fo  the  Air  excluded;  then  the  Water  in 
the  Pores,  and  the  Wood  together,  make  up  one  Whole  heavier 
than  the  Water  of  a like  Bulk,  which  is  double  the  Quantity  of 
C,  I,  does  but  equiponderate  to  a double  Quantity  of  Air  that  is 
to  a Column  of  Air,  whofe  Bafis  E is  the  double  of  the  Bafis  C. 

Since  according  to  ^he  Rules  of  Staticks,  Bodies  gravitate  or 
weigh  heavier  in  a perpendicular,  than  in  any  oblique  or  hoping 
Situation  ; it  may  be  ask’d  why  the  Quickfilver  E,  H,  gravitating 
or  preffing  upon  the  Bafis  E,  more  than  does  the  Quickfilver  E,  F, 
( that  being  perpendicular  to  E,  this  Oblique  ) the  Quickfilver  does 
not  defcend  lower  in  the  Tube  E,  K,  and  higher  in  the  Tube  E,  G. 
The  Reafon  then  is  this,  that  as  much  as  E,  H,  preffes  down- 
wards more  than  E,  F,  fo  much  does  the  force  at  E,  which 
(arifes  from  the  PreiTure  of  the  Air  on  the  other  Parts  of  the  Sur- 
face A,  B,  and)  fuftains  the  Quickfilver  in  each  Tube,  prefs  up- 
wards more  in  the  upright,  than  in  the  oblique  Tube;  and  both 
for  the  fame  Reafon  (viz.)  becaufe  the  PreiTure,  whether  up- 
wards or  downwards,  is  in  the  Tube  E,  K,  perpendicular,  where- 
as in  the  Tube  E,  G,  it  is  oblique,  and  therefore  not  fo  great. 

Now  the  Force  at  E,  which  holds  up  the  Quickfilver  in  the 
upright  Tube,  being  as  to  its  Effort,  fo  much  greater  than  the  Force 
at  E,  which  holds  up  the  Quickfilver  in  the  Oblique,  as  the  Weight 
of  the  Quickfilver  in  the  upright  Tube,  is  greater  than  the  Weight 

of 
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of  the  other ; it  follows  that  the  faid  Force  at  E,  a&ing  upwards 
according  to  the  Perpendicular  E,  H,  is  as  able  to  fuftain  the 
Quickfilver  in  the  upright  Tube,  as  is  the  fame  Force  acting  up- 
wards according  to  the  oblique  Line  E,  F,  to  fuftain  the  fame 
Quantity  of  Quickfilver  in  the  oblique  Tube,  and  therefore  the 
Quickfilver  in  the  upright  Tube  will  not  defcend  lower  by  run- 
ning any  of  it,  out  of  the  faid  Tube,  nor  will  the  Quickfilver  in 
the  oblique  Tube  afcend  any  higher  by  any  more  running  into 
it;  but  the  fame  Quickfilver  (and  confequently  Water  itfelf)  will 
keep  at  an  equal  Height  in  both  Tubes. 

And  the  fame  will  hold  good  as  to  any  other  Tube,  (or  Veflel) 
of  any  other  Shape  : Namely,  the  Height  of  the  Quickfilver  or 
Water,  will  be  the  fame  in  any  Veflel,  as  it  is  in  a Cylinder  of  the 
fame  Height  and  Bafis  with  the  Veflel.  Thus  for  Inftance,  (vide 
Fig.  1 1.  of  the  following  Plate)  the  Height  of  the  Quickfilver  is  the 
fame  both  in  the  round  headed  Tube  D,  E,  H,  F,  and  the  fharp- 
headed  K,  L,  P,  as  it  is  in  the  Cylinder  infcrib’d  inthe  former  fviz.J 
C,  I,  or  the  Cylinder  B,  L,  O,  P,  circumfcrib’d  about  the  later.  For 
as  to  the  round-headed  Tube  D,  E,  H,  F,  as  much  of  the  Quick- 
filver as  lies  without  the  Cylinder  C,  I,  is  fuftain’d,  not  fo  much 
by  C,  as  by  the  Parts  M,  I,  and  N,  S,  of  the  Tube’s  Head,  which 
are  under  them,  and  no  more  of  the  Quickfilver  is  properly  or  di- 
reftly  fuftain’d  by  C,  than  what  lies  within  the  Cylinder  C,  I,  and 
confequently  the  Effeft  will  be  the  fame,  as  if  the  Quickfilver  was 
put  in  the  Cylinder  C,  I. 

As  to  the  fharp-headed  Veflel  L,  B,  K,  and  the  Cylinder  B,  L, 
O,  P,  the  Quickfilver  will  likewife  rife  as  high  in  one  as  the  other  • 
for  as  to  fo  much  of  the  faid  Veflel,  as  allows  of  a free  Afcent  from 
the  Surface  A,  B,  the  Quickfilver  will  there  rife  to  its  juft  Height 
C,  I,  for  the  fame  Reafon,  as  it  will  rife  to  the  fame  Height  in  the 
Cylinder  B,  L,  O,  P. 

As  to  the  other  Parts  of  the  faid  Veflel,  where  the  Quickfilver 
is  hindred  by  the  Sides  of  the  Veflel  to  rife  up  to  the  Height  C,  I 
as  much  as  there  is  wanting  in  the  Weight  of  the  Quickfilver,  h)c. 
To  conclude  this  Chapter,  ’tis  from  Experiments  of  this  Kind 
it  is  demonftrated  that  a Ship  (Wood  being  fpecifically  lighter 
than  Water,  efpecially  that  which  is  fait)  will  float  with  great 
Safety  and  Pleafure  on  the  main  Ocean  ; but  which  by  being 
over-burthen’d,  and  failing  into  Rivers  which  are  leis  fait  are  ap” 
to  fink;  fo  that  when  I ipeak  of  Water  I always  mean  that  which 
is  equally  heavy,  or  in  plainer  Words  that  I may  err  in  the  right 
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rather  than  the  wrong  Side,  I would  be  always  underflood  to 
mean  frefh  Water,  the  fpecifick  Gravity  whereof  in  relation  to 
other  Bodies  will  be  fet  down  in  fome  following  Chapters. 

In  relation  to  Water,  that  which  is  fait  is,  as  has  been  before 
obferv’d,  heavier  than  that  which  is  frefh  ; and  Tliny  fpeaks  of 
certain  Rivers,  fuch  as  the  Water  of  the  Lake  As f halt  it  and 
that  of  Arethufe , which  runs  towards  Syracufe , wherein  nothing 
will  fink ; and  it  mull  be  noted  all'o,  that  Metals,  and  heavy  Solids,  fink 
in  Water,  according  to  the  Figure  they  have  : For  Gold,  Silver  and 
Copper  finks  not  in  ordinary  Water,  if  they  be  beaten  out  into 
Plates  and  thin  Leaves  ; but  if  it  be  contradted  into  a more  folid 
Form,  it  finks  forthwith  to  the  Bottom. 


BOOK.  II. 


CHAP.  XII. 

Of  the  Gravitation  of  Fluids , according  to  the  honour- 
able and  learned  Mr-  Boyle. 

H E Chapter  going  before,  in  which  the  Principles 
and  Problems  of  Hydroftaticks  are  mathematically 
explain’d,  being  chiefly  deduc’d  from  IV allis  and  o- 
ther  eminent  Writers,  whofe  Experiments  on  this 
Head  are  therein  fet  down;  I have  added  this  o- 
ther  Chapter  from  the  honoured  and  learned  Mr. 
Boyle , in  which  with  more  Eafe  yet  great  Accuracy  and  Plainnefs 
he  has  brought  to  Light  whatever  was  mathematically,  and  fo 
more  obfcurely  handled  by  others. 

That  admirable  Gentleman  (who  was  fo  great  an  Honour 
to  his  Country)  confidering  that  all  Perfons  are  not  acquainted 
with,  and  cannot  fo  readily  digeft  rigid  mathematical  Demonflrati- 
ons,  reduc’d  the  chief  of  the  hydroilatical  Theorems  into  about 
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eleven  Proportions  or  Paradoxes ; a more  full  Account  of  which 
is  to  be  found  in  a little  Treatife  of  his,  entituled  Taradoxa  Hy- 
drojlatica , premifing  in  the  Front  of  it  feveral  things  proper  to 
be  known  in  this  fo  curious  a SubjeH,  under  the  Title  o fTo- 
jhilatcds  or  Lemmatas. 

The  fir  ft  is  (vid.  Tag.  7.)  that  if  a Pipe  or  Tube  opened  at 
both  Ends,  and  plac’d  perpendicularly  to  the  Horizon,  have  its 
lower  Orifice  under  Water,  there  will  be  an  imaginary  Plane  pa- 
rallel in  all  Appearance  to  the  Superficies  of  the  fuperior  Water, 
and  which  fhall  touch  that  lower  Orifice  of  the  Tube. 

Secondly , that  each  Part  of  this  Surface  or  Plane  will  be  alike 
prefs’d  by  the  Perpendicular  incumbent  Water : Notwithftanding 
the  Opinion  of  thofe  who  hold  that  Water  will  not  gravitate  on 
Water j nor  Air  on  Air  ; which  muft  be  granted,  fince  the  Water 
being  fuppos’d  to  be  an  homogeneous  Fluid  of  the  fame  equal 
Parts,  and  of  equal  Gravity  every  where,  and  of  equal  Height 
above  the  Plane  ; there  can  be  no  Reafon  why  one  Part  fhould 
be  more  prefs’d  than  another,  it  having  the  fame  Bafe,  and  the 
lame  Altitude,  and  confequently  the  fame  Quantity  of  Liquor 
prefling  every  where  one  upon  another. 

Thirdly 3 that  tho’  Liquor  will  keep  its  former  Pofition,  yet 
when  there  is  a greater  Weight  laid  upon  any  one  Part  more 
than  there  is  upon  another,  then  that  Part  is  prefs’d  downwards, 
or  otherwife  made  to  give  Place,  and  flip,  on  one  Side  or  the  o- 
ther,  as  is  the  Cafe  when  a Stone,  or  I may  add  a Piece  of 
Lead  or  any  other  Material  which  is  fpecifically  heavier  than 
Water  is,  finks  down  in  it,  and  tends  to  the  Bottom  j becaufe  in 
what  Part  foever  the  Stone  or  Lead  defcends,  that  Part  bein°- 
more  prefs’d  than  the  reft,  gives  Way  to  the  fuperior  Force  of  the 
Stone,  and  never  refts  till  it  comes  to  the  Bottom. 

Again  if  any  Part  of  this  imaginary  Surface  be  lefs  prefs’d  upon 
than  the  reft,  it  muft  by  that  greater  Preflure,  be  impell’d  up- 
wards, till  it  have  an  Height  equal  to  ballance  the  Preflure  made 
on  the  other  Parts  of  the  Water : Which  will  appear  highly  rea- 
fonable  to  any  attentive  Confiderer,  and  the  Truth  of  which  is 
thus  prov’d. 

Suppose  a fmall  Tube  open  at  both  Ends,  be  plac’d  perpen- 
dicularly beneath  the  Surface  of  the  Water  in  any  Veflel,  (thofe 
ofGlafs  as  being  tranfparent  are  the  beft  ; becaufe  the  Afcent  of  the 
Liquoi  will  be  the  more  vifible)  then  will  the  Water  by  the  known 
Laws  of  Hydroftaticks  rife  in  the  Tube  as  high  and  a little  high- 
er than  the  Surface  of  the  Water  without : But  if  you  gently 
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pour  Oyl  of  Turpentine  or  any  other  Liquor  (which  will  not  incor- 
porate with  the  Water)  upon  that  which  is  contain’d  in  the  Vef- 
fel  ; you  will  fee,  that  as  the  Oyl  grows  higher  and  higher  on  the 
Surface  of  the  Water,  and  prelfes  confequently  more  on  it,  lb 
will  the  Water  rife  in  the  Orifice  of  the  Tube,  and  defcend  again 
proportionably  as  the  Oyl  is  taken  off,  which  plainly  proves  that 
the  Weight  of  the  Oyl  prefling  more  on  the  Surface  of  the  Water 
without  the  Tube,  than  the  bare  Air  can  do  within  it,  forces  up 
the  Water  fo  high  in  the  Tube,  till  the  Cylinder  of  Water  with- 
in the  Tube,  gravitates  as  much  on  that  Part  of  the  Water  under 
the  Orifice  of  the  Tube,  as  the  Air,  Oyl  and  Water  together  do  on 
all  the  others  without  it. 

I Shall  not,  in  the  fhort  Compafs  I propofe  to  allow  my  felf 
in  this  Chapter,  expatiate  on  all  the  other  Parts  with  which  the 
honoured  and  very  learned  Gentleman  before  mention’d  introduces 
his  preliminary  Difcourfe,  but  come  to  the  Practice  it  felf. 

PROPOSITION.  I. 

That  the  upper  Tarts  of  all  Fluids , as  Water  &: c„  do  prefs 

upon  the  lower. 

Provide  a glafs  Jarr,  fuch  a one  as  is  feen  Fig.  1.  in  the 
following  Plate ; fill  it  with  Water  near  full,  as  up  to  A,  B •,  then  take 
a glafs  Pipe  or  Tube  open  at  both  Ends,  and  dipping  the  lower 
End  into  Oyl  of  Turpentine,  you  may,  by  flopping  the  Top  with 
your  Finger,  fufpend  as  much  of  the  Oyl  as  you  pleafe  in  the 
Tube:  This  done  move  the  Tube  into  the  Glafs  of  Water,  and 
thruft  it  down  till  the  upper  Surface  of  the  Oyl  in  the  Tube  be 
near  as  low  as  the  upper  Surface  of  the  Water;  and  when  you 
take  your  Finger  from  the  Top  of  the  Tube,  you  will  fee  the 
Oyl  will  not  run  out  at  the  lower  Orifice  of  the  Tube ; nay  if 
you  thruft  the  Tube  lower  down  into  the  Water,  that  Liquor 
will  rife  up  in  the  Tube  and  bear  up  the  Oyl  above  it;  but  if  you 
raife  the  Tube  up  fo,  as  that  the  upper  Surface  of  the  Oyl  in  it 
be  confiderably  higher,  than  that  of  the  Water,  the  Oyl  will 
drop  out  of  the  Tube,  and  rife  up  to  the  Top  of  the  Water.  The 
Reafon  of  which  is  this;  when  the  imaginary  Surface  G,  H,  on 
which  the  End  Q,  of  the  Tube  B,  Q,  refts,  is  as  much  and  no 
more  prefs’d  upon,  by  the  Oyl,  in  the  Pipe,  than  the  other  Parts 
of  that  Surface  are  by  the  Parts  of  the  Water  which  are  perpen- 
dicularly incumbent  on  them ; then  there  is  an  Equilibrium 
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between  the  Oyl  and  the  Water,  and  fo  the  Oyl  can’t  run  out; 
and  when  you  fink  the  Tube  down  as  low  as  O,  the  incumbent 
Water  gravitates  more  on  the  Surface  or  Plane  E,  F,  than  the 
Oyl  in  the  l ube  doth  on  the  Part  under  it ; and  confequently  the 
Water  will  be  forc’d  up  into  the  Tube,  and  bear  the  Oyl  above 
it,  and  the  Water  will  rile  fo  high,  as  that  it,  and  the  Oyl  toge- 
ther in  the  Tube,  N,  O,  do  gravitate  as  much  on  the  Surface  E, 
F,  as  the  other  incumbent  Parts  of  the  external  Water  do : But 
if  you  raife  the  Tube  up  into  the  Pofition  R,  S,  the 
Oyl  in  it,  prelfing  more  on  the  imaginary  Surface  I,  K, 
than  the  incumbent  Water  does  on  any  other  Part  of  it,  the  Oyl 
muff  tun  out,  till  fo  much  delcend  out  of  the  Tube,  as  will  bring 
the  Weight  of  the  Oyl,  to  an  Equilibrium  with  that  of  the  Wa- 
ter, which  demonftrates^  the  Truth  of  this  Propofition.  * For  if 
the  Expel  iment  be  try  d in  any  two  other  Liquids  that  won’t 
mingle  and  mcoiporate  with  one  another,  it  will  have  the  lame 
Effetf,  provided  the  Pipe  be  not  too  large. 

PROPOSITION.  Ill, 

That  a lighter  Fluid,  may  gravitate  or  prefs  upon  a heavier. 

Fill  a Jarr  or  VelTel  with  Oyl  of  Turpentine  inftead  of  Wa- 
ter, and  then  place  in  it  a Tube  of  the  fame  Dimenfion  as  the 
former,  in  which  there  is  fufpended  a Column  of  Water  in  the 
lame  Manner  as  you  did  before  that  of  Oyl ; and  you  will  find 
that  tho’  the  Water  be  heavier,  than  that  of  the  Oyl  of  Turpen- 
tine, yet  if  you  don’t  take  away  your  Finger,  from  the  upper  Ori- 
fice, till  fuch  Time  as  you  have  funk  the  Pipe  fo  low,  as  that 
the  upper  Surface  of  the  Water  in  it,  be  a little  below  the  Sur- 
face of  the  Water  of  the  Oyl  in  the  Glafs  ; then  I fay.,  that  on 
taking  away  your  Finger  you  will  find  the  Water  in  the  Pipe 
will  not  run  out:  That  if  you  fink  the  Tube  lower,  or  pom’ 
more  Oyl  into  the  Velfel,  the  Oyl  will  rife  up  in  its  lower  End" 
and  that  if  you  raife  it  higher,  then  the  Water  will  drop  or  run 
out,  and  fall  to  the  Bottom  of  the  VelTel,  which  plainly  Thews 
that  one  Liquoi  which  is  ipecifically  lighter  than  another  may 
by  its  own_  Gravity  (being  when  compos’d  of  a greater  number 
of  Paits  join  d togethei)  prels  upon  one  which  is  more  heavy. 

* To  wit  that  contrary  to  what  the  Peripateticks  have  afferted,  that  Water  does  not 
gravitate  on  H ater,  nor  Air  on  Air  ; yet  here  it  is  plain  that  the  upper  Parts  of  all 
fluids  do  gravitate  or  prefs  tip  on  the  lower . s J 
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And  agreeable  to  the  Explication  of  this,  as  well  as  the  forego- 
ing Experiment,  it  is ; that  there  (I  mean  in  the  firft)  the  Supei- 
ficies  of  the  Oyl  in  the  Glafs  was  always  higher  than  the  Super- 
ficies of  the  Water  without  it,  the  Oyl  which  was  the  lighter 
Liquor  requiring  the  Height  to  be  greater  on  Account  of  the 
Equilibrium ; fo  in  the  prelent  Experiment  the  Superficies,  of  the 
Liquor  in  the  Tube  was  always  lighter  than  the  Oyl  which  was 
without  it;  for  if  in  the  imaginary  Plane  E,  F Fig • a.  Ta- 
bula feq^  the  Cylinder  of  Water  I,  G,  is  at  reft  m the  Tube  I, 
H it  will  on  Account  of  its  greater  Gravity  prefs  upon  the 
Part  I,  and  the  diftill’d  Oyl  (K,  E,  F,  L,)  which  is  a lighter  Li- 
quid then  it  can  prefs  upon  the  other  Parts  ot  the  fame  fuppos  d 
Plane,  E,  F,  although  it  fhould  raife  the  Oyl  to  a Height  grea- 
ter than  its  own.  „ , , , c , , 

But  this  Propofition  is  confirm  d by  our  oft-quoted  ho- 
nourable and  ingenious  Author  by  another  Experiment,  into  a 
lone  <*lafs  Tube  feal’d  up  at  one  End,  and  whofe  Bore  is  about 
half  an  Inch;  let  there  be  poured  a Quantity  of  Water,  and 
then  having  a finall  glafs  Bubble  about  the  Bignefs  of  a Pea, 
with  a very  fmall  and  {lender  Stem,  (as  is  feen  in  Fig.  3.  Tabula 
feq.  aforefaid)  let  this  Bubble  be  fo  exaftly  poiz  d by  forcing 
Water  into  it,  that  tho’  it  fhould  not  fink  in  a Veiled  of  Watei 
of  fir  ft  Tryal,  yet  a little  more  Weight  would  make  it  do  lo. 

This  Bubble  being  put  into  the  glafs  Pipe  will  fwim  on  the 
Tod  of  the  Water  contain’d  in  it;  but  when.  Oyl  of  Turpentine 
is  oour’d  very  gently  on  the  Water  which  is  in  the  Pipe,  and 
till  it  has  attain’d  to  a convenient  Height  above  the  Surface  Oi 
the  Water,  it  is  vifible  that  the  Bubble  which  before  fwam  on 
the  Surface  of  the  Water,  will  fink  then  down  to  the  Bottom, 
and  flay  there,  fo  long  as  the  Oyl  was  kept  upon  the  Water ; but 
if  either  the  Tube  was  any  Way  very  much  inclin  d,  or  if  the  Oyl 
by  a -Siphon  or  any  other  Inftrument  was  drawn  of,  then  the 

Bubble  will  rile  to  the  Top  again.  , 

THEReafon  of  which  is  plainly  thus,  that  when  the  Oyl  is  pouied 
on  that  did  (tho’  a lighter  Fluid  than  Water  is)  by  its  own  proper 
Gravity,  (confider’d  as  a larger  compounded  Body)  prefs  upon  the 
incumbent  Water,  and  by  that  Means  did  force,  fome  of  it  to  en- 
ter in  at  the  little  Stem  of  the  Bubble;  which  by  that  Means 
bein'*  rendred  more  ponderous  in  the  Whole,  did  fink  to  theBot- 
tom&  but  when  the  direft  Preffure  of  the  Oy  upon  the  Water 
was  ’taken  off^  by  inclining  the  Tube,  or  remov  d by  drawing  off 
the  Oyl  quite,  the  Air  which  is  in  the  Bubble  before  will  by^  its 
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own  Elafticity  (of  which  more  will  be  faid  elfewhere)  force  out 
the  newly  admitted  Water  again,  and  fo  reduce  the  Bubble  to 
foi mei  Degiee  of  Gravity  in  fuch  a ^Manner  as  that  it  would 
rife  in  the  Water  as  before. 

It  was  found  alfo  that  pouring  on  more  Water  will  produce 
the  fame  Effect,  if  by  a Wire  thruft  down  to,  and  then  kept  at 
the  Bottom  of  the  Tube;  for  tho’  it  would  readily  rife  a°-ain  on 
the  Removal  of  the  Rod  or  Wire,  when  no  more  Water  was 
poured  into  the  Tube;  yet  that  if  the  Wire  kept  the  Bubble  at 
the  Bottom  till  more  Water  was  poured  in,  to  the  Height  of 
about  two  or  three  Foot,  the  Bubble  would  then  on  the  Remo- 
val of  the  Wire  flay  there,  and  not  rife  at  all  till  the  fame  Quan- 
tity of  Water  was  taken  out  which  was  before  added. 

This  I think  may  truly  be  faid  to  illuftrate  and  prove  the 
firft  Propofition,  that  the  iipper  Tarts  of  all  Fluids  do  prefs  or 
gravitate  on  thofe  which  are  under ; as  alfo  this  2.  (viz.)  that  a 
lighter  Fluid  may  gravitate  or  prefs  upon  a heavier  which  I 
take  to  be  one  of  the  nobleft  and  moft  ufeful  Theorems  in  Hy- 
droftaticks ; becaufe  from  hence  it  is  that  Air  tho’  800  Times  light- 
er than  Water  is  demonftrated  to  gravitate  thereon,  and  raife  it 
to  a determinate  Height;  for  tho’  the  Particles,  of  which  it  is 
compos’d,  be  as  it  were  imperceptible,  yet  when  taken  altogether 
as  a Body  making  up  that  which  we  call  the  Atmofphere,  the 
Lufk  of  it  is  regularly  ponderous,  and  by  its  Preffure  effe&s  all 
thole  things  which  by  the  precife  Laws  of  Hydroftaticks  we  dif- 
cover  ; but  of  this  more  is  faid  in  its  proper  Place. 


PROPOSITION  III. 

If  a Body  contiguous  to  Water  be  altogether , or  in  Farts  lower 
than  the  upper  Surface  of  the  Water > the  lower  Fart  of  the 

Body  will  be  prefs" d upwards  by  the  Water  which  toucheth  it 
beneath. 


The  fir  ft  experiment  fhews  that  the  Oyl  of  Turpentine  was 
kept  in  an  open  Tube  from  defcending  or  running  out  of  it  by 
the  Preffure  upwards  of  the  Water  in  its  lower  Parts,  and  by  the 
laft  Propofition  it  appears  that  Oyl  (tho’  a lighter  Fluid  than 
Water)  could  prefs  upwards,  or  keep  Water  ; a Fluid  fpecificallv 
heavier  than  Oyl  is,  fufpended  in  an  open  Pipe. 

But  in  older  to  eftimate  how  much  the  Preffure  of  the  Water 
againft  the  lowei  Parts  doth  amount  to,  let  it  be  fuppos’d  that 
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any  other  Kind  of  Liquid  which  is  heavier  than  Water,  as  Oyl 
of  Cloves,  Cinnamon,  were  taken  into  a Tube,  and  then  that 

Tube  were  as  in  the  former  Cafes,  immers’d  or  funk  into  a VeP 
fel  of  Water,  and  there  plac’d  fo  fhallow,  that  the  Oyl  on  remo- 
ving of  the  Finger  from  the  Top  of  the  Tube,  would  drop  out. 
The  Drop  G,  (vid.  Fig.  4.  of  the  Plate  following)  being  fpeci- 
fically  heavier  than  Water  would,  by  the  3 Poftuiata’s  juft  laid 
down,  fink  to  the  Bottom,  but  not  fo  quickly  as  it  would  in  the 
Air;  and  fince  if  it  were  a Matter  equiponderant  to  Water  as 
Wood  and  fome  other  things  are,  it  would  not  fink  at  all,  or  but 
juft  emerge  : It  now  finks  by  no  greater  Degree  of  Gravity,  than 
that  by  which  it  furmounts  a Quantity  of  Water  equal  to  its  Bulk, 
and  confequently  it  would  lofe  in  the  Water  juft  as  much  of  the 
Weight  as  it  would  have  in  the  Air,  as  fo  much  Water  as  is  e- 
qual  to  it  in  Bulk,  if  weigh’d  in  the  Air  alfo,  would  amount  to  ; 
which  is  another  phyfical  Demonftration  of  thefe  noble  and  ufeful 
Theorems  in  Hydroftaticks.  To  proceed, 

The  Preifure  of  Water  alfo  againft  the  lower  Parts  of  any  im- 
mers’d Body,  is  confirm’d  by  attending  to  the  Reafon  why  Oyl 
fpecifically  lighter  than  Water  doth  rife  out  of  it,  and  fwim  as  it 
were  upon  it ; which  is  this,  that  there  is  a greater  Preifure  or 
Weight  on  every  other  Part  of  the  imaginary  Surface  of  the  Wa- 
ter (as  fuppofe  I,  K,  Fig.  1.  of  the  Plate  following)  than  there 
is  on  that  on  which  the  rifing  Body  leans  ; and  confequently  pro- 
duces an  Equilibrium  in  the  Fluid  ; the  Parts  immediately  under 
the  rifing  Body  being  prefs’d  by  the  reft  every  Way,  mull  conti- 
nually force  it  upwards  till  it  attain  the  upper  Surface  of  the 
Water:  For  the  immerging  Body  is  continually  prefs’d  upon  by 
the  two  Columns  of  Water,  one  bearing  againft  its  upper,  and  the 
other  againft  its  lower  Parts ; the  Length  of  both  which  being  to 
be  accounted  from  the  Top  of  the  Water,  that  which  prelfes  on 
the  lower  Part,  will  be  the  longer  by  the  Thicknefs  of  the  afcend- 
ing  Body,  and  confequently  over-ballance  it  by  the  Weight  of  as 
much  Water  as  will  fill  the  Space  that  the  Body  takes  up:  Where- 
fore the  greater  Dilparity  there  is  between  the  fpecifick  Gravities 
of  Water  and  the  emerging  Body,  and  the  larger  the  Particles  are 
which  emerge,  the  fwifter  they  will  afcend,  which  will  be  a great 
Alfiftance  in  the  accounting  for  the  Truth  of  that  Problem.,  the 
Solution  of  which  is  propos’d  by  Writers  in  Flydroftaticks  (viz.) 
how  it  comes  to  pafs,  that  if  any  cylindrick  Staff  be  cut  into  two 
Parts,  one  half  whereof  is  doubly  as  long  as  the  other,  and  both 
being  detain’d  under  Water  of  an  equal  Depth,  but  being  let  go 
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st  the  fame  Time,  and  fuffer’d  to  emerge,  the  largeft  will  afcend 
fafter  than  the  lmall  one. 

Suppose  one  of  thefe  Bodies  as  O,  P,  Fig.  4.  (Tabula  feq.) 
be  two  Foot  long,  but  the  other  Q,  R,  but  one  Foot,  and  that 
the  lowermoft  Superficies  of  them  both  be  in  the  fame  imaginary 
Plane  parallel  to  the  uppermofi,  and  three  Foot  Diftance;  the  Cafe 
muft  be  thus,  the  longeft  will  come  firft  to  the  Top,  becaufe 
that  the  Columns  of  Water  which  prels  againft  the  lower  Ends  of 
both  being  equal,  but  that  Preflure  lhortelf  which  prelfes  upon  the 
upper  End  of  the  longeft  Piece;  it  muft  be  lefs  prefs’d  down- 
wards than  the  other  Piece  is,  andfo  by  the  general  PrelTure  up- 
wards will  rife  the  fafteft  ; and  from  hence  may  be  probably  de- 
duc’d (as  our  ingenious  Author  Pag.  68  of  his  Hydroftaticks  in 
the  Latin  Edition  has  it)  that  which  is  often  obferv’d  in  the  Di- 
ftillation  of  the  Oyls  of  Anife,  Clove,  Gillyflowers,  and  a great 
many  other  aromatick  Vegetables  in  an  Alembick  by  the  help 
of  Water,  which  having  very  minute  Corpufcles,  either  lighter  or 
heavier  in  Specie  than  the  Liquor  they  are  mingled  with,  and  when 
the  Heat  is  withdrawn  from  them,  may  be  kept  there  a good 
while  without  rifing  to  the  Top  or  finking  to  the  Bottom,  their 
Thicknefs  being  indefinitely  made  fmall,  the  Difference  between  the 
two  Columns  beforemention’d  will  be  fo  too,  and  confequently 
neither  of  them  can  much  over-ballance  one  another  ; and  from 
hence  may  be  prov’d  what  is  affirm’d  by  Archimedes  and  other 
Writers  in  Hydroftaticks,  that  any  Body  which  is  equiponderate 
or  of  equal  Weight  in  Specie  to  Water,  in  whatfoever  Place  it  is 
put,  it  will  there  remain  quiet. 

And  that  we  may  carry  the  Matter  farther,  if  the  Drop  G,  Fig. 
3.  (Tabula  feql)  aforefaid  was  any  Material  not  heavier  than  Wa- 
ter, it  would  neither  fink  lower  nor  rife  higher ; it  would  follow 
from  the  fame  Rule,  that  if  it  was  heavier  in  Specie  than  Water, 
the  Fall  or  finking  would  be  according  to  its  Gravity,  and  that  it 
would  lofe  that  Weight  in  Water  which  it  has  in  the  open  Air, 
which  is  one  of  the  phyfical  Reafons  of  that  great  Hydroftatical 
Theorem,  which  is  fo  folidly  and  clearly  demonftrated  by  the  moft 
learned  Stevinus  himfelf. 

This  ingenious  Propofition  of  Bodies  fwimming  is  very  clearly 
taught  and  prov’d  by  the  fubtle  Archimedes  and  his  Commentators 
in  his  two  excellent  Books  de  Infidentibus  Humido ; and  from  hence 
may  be  accounted  the  Quantity  of  any  floating  Body  which  is  be- 
neath the  Surface  of  the  Water,  which  is  always  in  Bulk  equal 
to  as  much  IVater  as  the  whole  floating  Body  doth  weigh  > for  this 
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floating  Body  doth  by  its  lower  Parts  prefs  upon  the  fubjacent 
Parts  of  the  imaginary  Surface  of  the  Water  X,  W,  (Fig.  5.  Ta- 
bula feq.  pradifitl)  juft  as  much  as  the  Columns  of  Water  to  the 
Altitude  A,  X,  or  B,  W,  do  on  all  the  other  Parts ; that  is 
juft  as  much  as  the  Water  would  do  if  it  were  in  the  Space  which 
the  immers’d  Part  takes  up,  or  as  much  as  a Quantity  of  Water 
equal  in  Bulk  to  the  immers’d  Part  could  do. 

From  hence  is  clearly  demonftrated  that  the  Weight  of  any  Ship, 
being  the  fame  with  that  of  fo  much  Water,  which  is  in  Bulk  e- 
qual  to  the  immers’d  Part  of  her,  or  to  the  Part  of  her  Hull  which 
is  underneath  the  Surface  of  the  Sea,  all  which  was  accurately  dis- 
cover’d by  our  moft  noble  Author,  who  took  a broad  fhallow  Vef- 
fel  and  fill’d  it  almoft  to  the  Top  with  Water,  and  then  plac’d  it 
in  a glafs  Tumbler  or  fhort  drinking  Glafs ; and  to  make  it  refem- 
ble  a Ship,  he  fitted  a wooden  Deck  with  a Maft  &c . to  it  ■, 
and  then  he  funk  it  by  ballafting  it  with  Sand,  and  made  it  in 
the  Language  of  Seamen  draw  as  much  Water  as  he  thought  fit  : 
Then  by  exa£t  Remarks  he  diftinguifh’d  how  much  the  Water 
which  was  in  the  containing  Glafs  rofe  on  the  Sides  of  the  Veflel : 
This  done  he  took  the  Tumbler  out  and  wip’d  it  clean,  and  then 
weigh’d  it,  and  fo  found  a Quantity  of  Water  exactly  equal  to  that 
Weight  ; and  from  hence  is  deduc  A an  Argument  in  Favour  of  the 
learned  Stevinus , who  in  fome  of  his  Hydroftatical  Propofitions 
deduces  it  as  a Corollary,  * That  a whole  Ship  and  all  things  which 
belong  thereto , or  lie  upon  it  prefs  neither  more  nor  lef,,  on  the 
Bottom  on  which  they  fwimj  than  fuch  a Mole  or  Column  of  IV a- 
ter y which  is  equal  to  that  Tart  of  the  Ship j which  was  below 
the  Superficies  of  the  Water  does. 

But  this  mult  be  faid  only  of  Salt  or  Sea- water  which  is  fpe- 
cifically  heavier  than  that  which  is  frefh,  it  having  been  obferv’d 
by  fome  Ancients  as  well  as  Moderns,  that  Ships  which  have  re- 
turn’d heavy  laden  home,  and  have  drawn  Water  nearly  up  to 
the  Deck,  have  when  they  have  come  into  frefh  Water  have  funk  ; 
and  this  is  the  Reafon  why  all  good  Ship-builders  are  fo  very  exaft 
in  their  Calculations  of  the  Number  of  Tunns,  every  Veflel  is 
fit  to  carry. 

♦ Navis  tota,  omniaque,  qua;  ad  earn  pertinent,  vel  ei  incumbent,  non  magis  nec 
minus  premunt  Fundum,  cui  fupernatant,  quam  tanta  Moles  aquae,  quanta  squads  eft 
ifti  Navis  parti  qux  eft  infra  aquas  Superficiem  (vid.  Scholium  in  Boyle’s  Faradoxa 
Hydroftatica)  Pag.  78.  of  the  Latin  Edition. 
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PROPOSITION  IV. 

That  in  the  Afcenfton  of  Water  in  Tumps  &c.  there  is  nothing  re- 
quir'd to  the  raifing  of  Water  but  the  juft  Weight  of  fome 
other  external  Fluid. 

This  Afcent  of  Water  in  Pumps  having  been  already  from  the 
Propofitions  of  the  learned  Wallis  and  others  fo  fully  explain’d, 
I fhall  be  the  fhorter  in  my  Account  of  it  in  this  Place ; becaufe 
it  is  demonftrable  by  this  one  eafy  Experiment  of  our  learned 
Author. 

Take  a fingle  glafs  Tube,  fuch  as  is  us’d  in  the  fir  ft  Experi- 
ment, about  an  Inch  high,  deeply  ting’d  with  the  Infufion  of  Bra- 
zil-wood, Cochineel,  &c.  that  the  Experiment  may  be  more  plain, 
(then  flopping  the  upper  End  with  your  Finger)  place  it  in  a Glafs 
fill’d  with  the  fame  tinged  Liquor,  and  that  fo  low,  that  the  upper 
Surface  of  the  Liquor  in  the  Tube  be  at  leaft  an  Inch  below  that  of 
the  Liquor  of  the  Veffel  ; then  pour  on  Oyl  of  Turpentine  for  a- 
bout  3 or  4 Inches  Height  above  the  Water  in  the  Veffel,  and  you 
will  fee  on  the  Removal  of  your  Finger  from  the  Top  of  the 
Tube,  that  the  tinged  Water  will  be  rais’d  or  impell’d  upwards 
near  as  high  as  the  Surface  of  the  Oyl. 

Now  in  this  Experiment  there  is  no  Colour  or  Reafon  to  be 
aflign’d  to  the  ancient  pretended  Abhorrence  of  a Vacuum  •which 
•was  fiippos^d  to  be  in  Nature as  the  Caufe  of  the  Afcent  of  this 
Water;  for  the  Tube  is  full  of  Air,  and  the  external  Air  hath  a 
free  Ingrefs  into  it : But  the  plain  Reafon  is  this,  that  there  be- 
ing a greater  Preffure  made  by  the  Oyl  and  Water  together  on  the 
imaginary  Plane,  which  palfes  by  the  lower  Orifice  of  the  Tube 
without  the  Tube,  rather  than  within  it,  (for  within  there  is  a 
Preffure  only  of  an  Inch  of  Water,  and  of  a Column  of  Air) 
the  Parts  of  the  Water  at  the  Bottom  of  the  Pipe  muft  be  thruft 
upwards  into  it,  till  it  rife  fo  high  as  to  gain  in  Equilibrium  with 
the  reft  ; and  this  demonftrates  the  Rife  of  Water  in  Pumps  where 
the  external  Air  prefling  every  where  on  the  Surface  of  the  Water 
in  the  Well,  but  not  on  that  which  is  within  the  Pump,  the  Force 
of  which  is  loft  by  the  Clofenefs  as  well  as  the  paffing  and  repaf- 
fing  of  the  Sucker ; which  is  therefore  with  foft  Leather  made 
ftanch  on  Purpofe  ; on  the  raifing  of  the  Sucker  the  Water  muff 
follow  it  the  Pump  be  good;  becaufe  the  Weight  of  the  whole  At- 
mofphere  preffes  upon  the  Surface  of  the  Water  in  the  Well, 
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(but  not  at  all  within  the  Body  of  the  Pump)  and  lb  raifes  or  for- 
ces it  up  into  the  Cavity  thereof;  and  that  this  Prelfure  of  Air  is 
the  Caufe  of  the  Water’s  Afcent,  is  more  than  probable  ; becaufe 
no  Pump  can  ever  raife  . Water  above  33  or  34  Foot  (as  is  elfe- 
where  obferv’d)  which  is  found  to  be  exactly  agreeable  to  the 
different  Gravity  of  Air  and  Water,  allowing  for  the  great  Height 
of  the  Atmofphere. 

1 might  in  this  Place  have  expatiated  on  the  different  Heights, 
Liquids  of  different  Weights,  as  Oyls,  Mercury,  Wine  and  others 
will  rife,  which  is  indeed  no  other  than  according  to  the  fpecifick 
Gravities  of  each,  but  that  will  more  properly  fall  in,  in  another 
Place. 

PROPOSITION  V. 

That  the  Prepare  of  any  external  Fluid  is  able  to  keep  up  any 
heterogeneous  Liquor  of  different  Kinds 3 fufpended  at  the  fame 
Height  in  fever al  Tubes  or  Pipes  ^ tho1  they  be  of  different 
\ Diameters . 

Take  a wide-mouth’d  Glafs  (fuch  as  Fig.  7.  in  the  Plate  fol- 
lowing) of  a convenient  Depth,  and  put  into  it  a fufficient  Quanti- 
ty of  Water  well  ting’d  with  Brazil  or  any  colour’d  Water,  then 
Ft  to  it  a Cover  of  Cork  through  which  bore  with  a red  hot 
taper  Iron  feveral  round  Holes  to  admit  Tubes  of  different  Big- 
nefs  or  Sizes. 

Let  thefe  Tubes  ftand  nearly  upright  in  the  Veffel,  and  each 
of  their  lower  Orifices  below  the  Surface  of  the  Water;  then  at 
a Hole  purpofely  left  for  it,  pour  in  gently  by  a glafs  Tunnel  a 
good  Quantity  of  the  Oyl  of  Turpentine,  and  you  will  plainly  fee 
die  ting’d  Water  rife  equally  (i.  e.  to  equal  Height)  in  all  the  Tubes, 
tho’  of  very  different  Bores  and  Sizes. 

Let  E,  F,  (Fig.  7.  pradibli)  reprefent  the  Surface  of  the  Water 
in  the  Veffel,  when  the  Oyl  (being  not  of  a Nature  to  mix  and 
incorporate  with  it)  will  fwim  at  Top,  and  with  an  equal  Gra- 
vity prefs  upon  all  Parts  of  the  Surface  of  the  Water  ; and  confe- 
quently  will  raife  or  prefs  up  the  Water  in  the  Tubes,  till  it  come 
near  to  the  fame  Height  in  them,  as  the  Oyl  is  at  in  the  Glafs,  to 
bring  the  Liquors  to  a Ballance.  But  there  can  be  no  Reafon  why 
the  Water  (being  of  an  equal  fpecifick  Gravity)  Ihould  rife  higher 
in  one  Tube  than  another ; becaufe  the  Oyl  preffes  uniformly  and 
equally  on  all  Parts  of  the  Surface  of  the  Water;  and  confequent- 
ly  can  raife  the  Water  no  higher  in  the  fame  Tube,  than  in  the 
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large  one,  for  If  it  fhould  do  fo,  the  Water  in  the  final]  Tube 
mull;  be  of  a much  greater  Length  than  the  correfponding  Co- 
lHnln  of  Diameter  is  equal  to  the  Orifice  of  that 

lube;  and  which  keeping  it  up  by  equiponderating  with  it,  does 

require  : But  then  it  mult  be  heavier  than  it , and  fo  would 
fink  down  and  drive  the  fubjaeent  Water  away  to  make  Room 
mi  its  pefcent.  Wherefore  no  Cylinder  of  Water  in  any  Tube  can 
be  higher  than  an  equal  Cylinder  of  Oyl  that  bears  or  buoys  it 
up;  and  this  being  the  Cafe  with  them  all,  they  mud  be  of 
the  fame  Height;  that  is,  the  Water  will  rife  in  one  Tube  as 
well  as  another,  be  their  Bores  never  fo  different,  and  the  Reafon 
is,  became  one  is  born  up  by  a correfponding  Column  or  Cy- 
linaei  or  Oyl,  whole  Diameter  is  the  fame  with  the  Tube. 

• Nevertheless  this  does  not  contradid  the  Rife  of  Liquids 
in  Capillary  Tubes,  when  prefs’d  by  Fluids  of  different  Gravities 
as  before  fet  down  on  the  Original  and  Rife  of  Springs;  nor  yet 
the  Spouting  of  Liquids  in  open  Air,  which  always  rifes  the 
Higheit  in  Proportion,  as  they  are  nearer  or  farther  off  from  the 
Center  of  Gravity  ; but  of  this  no  more  at  prefent. 

PROPOSITION.  VI. 

J F “ fody  be  plac’d  under  Water,  with  its  upper  mo  ft  Surface 
parallel  to  the  Horizon,  the  direct  Prejfure  which  it  Mains 
is  no  more  than  that  of  a Column  of  Water,  having  the  looro- 
zontal  Superficies  of  the  Body  for  its  Bafis,  and  the  PerPendi 
cnlar  ‘Depth  of  the  Water  fir  \ts  Heighi  2d  if  tle  Vat 
winch  leans  on  the  Body  be  contain’d  in  ‘Pipes  open  at  both 
Euds  the  Trefure  of  the  IVuter  is  to  be  Jou  Jiffy he 
Weight  of  a Pillar  of  Water,  whofie  Bafis  is  equal  to  the  lower 
Orifice  of  the  Pipe , and  its  Height  equal  to  a Perpendicular 
reaching  from  thence  to  the  Top  of  the  Water,  thong!  the  Pipe 
be  much  mclind ; nay,  or  tho ’ it  be  never  fo  irregularly  Jh ap- 
ed and  much  broader  m feme  Places  than  at  the  Bottom.  * 

The  learned  Stevinus  (as  we  have  it  from  Mr.  Boyle,  p.  go 
of  his  i aradoxa  Hydrofiat  icd ) in  the  10th  Propofition  of  his  E 
lements  of  Hydroftaticks,  after  he  had  propos’d  the  former  Part 
Words*1  Pai'ad°X’  adi°ms  a Demonftration  to  it  in  the  following 

I t being  firft  fuppos’d  that  A,  B,  C,  D,  (Fie  ■?  of  the  fol- 
lowing Plate)  is  a folid  redangle  Figure,  whofe?Bafc  E,  F,  is 
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parallel  to  the  Horizon,  and  whofe  Altitude  G,  E,  is  a Perpern 
dicular  let  down  from  the  fupreme  Superficies  of  the  Water  to 
the  Bottom. 

I f the  Bottom  E,  F,  fhould  be  loaded  with  a greater  Weight 
than  is  the  Weight  of  the  Water  G,  H,  that  Superpondium  or 
over  Ballance  muft  neceiTarily  arife  from  the  Contiguous  Water; 
there  it  is  poftible  it  may  rife  from  the  Water  A,  G,  E,  D,  and 
H,  B,  C,  F,  which  being  granted,  the  Bottom  D,  E,  will  in  like 
Manner  rather  have  the  incumbent  Weight  on  it  felf,  on  Ac- 
count of  the  Neighbouring  Water,  than  the  Weight  of  the  Wa- 
ter A,  G,  E,  D ; and  when  the  Reafon  in  all  thefe  three  Cafes 
is  the  fame,  the  Bale  F,  C,  ought  to  fuftain  a greater  Weight, 
than  the  Bafe  of  the  Water  H,  B,  C,  F ; wherefore  the  whole 
Bottom  or  Bafe  D,  C,  will  have  a greater  Weight  incumbent  on 
it,  than  that  of  the  whole  Water  A,  B,  C,  D,  which  never- 
thelefs  (the  Body  A,  B,  C,  D,  being  reftarrgular)  was  abfurd  ; 
and  by  the  fame  Method  of  Reafoning  fhall  be  prov’d,  that  the 
Bafe  F,  C,  does  not  fuftain  lefs  Weight  than  the  Bafe  of  the  Wa- 
ter G,  H,  E,  F ; and  therefore  as  it  does  not  fuftain  neither  more 
nor  lefs  Weight,  it  is  necelfary  it  fhould  fuftain  fo  much  of  the 
precife  Weight,  as  the  Column  of  Water  G,  H,  F,  E,  amounts 
to. 

This  Method  of  Stevinusj  the  learned  Boyle  found  to  be  not 
exactly  agreeable  to  Truth,  and  therefore  he  invented  feveral  of  his 
own  ; for  the  firft  of  which  take  the  following  Direftions. 

Prepare  a {lender  glafs  Pipe  of  an  equal  Bore,  turn’d  up  one 
End  like  that  in  Figure  7 Plate  the  following;  dip  this  Tube  o- 
pen  as  it  is  at  both  Ends  into  Oyl  of  Turpentine,  till  the  Liquor 
be  rifen  up  to  two  or  three  Inches  in  the  longer  Leg,  whofe  up- 
per Orifice  then  ftop  with  your  Finger;  and  then  remove  your 
Tube  into  a Glafs  of  Water,  and  hold  it  fo  that  the  Surface  of 
the  Oyl  in  the  longer  Leg  of  the  Pipe  be  but  a very  little  higher 
than  that  of  the  Water;  and  then  if  you  take  away  your  Finger 
which  ftopt  the  Pipe,  you  will  fee  the  Oyl  ftill  keep  its  Station, 
and  not  at  all,  at  leaf!  very  little,  rife  or  fall ; but  if  you  fink  the 
Tube  lower,  the  Oyl  will  rife,  and  if  you  rife  the  Tube  higher,  the 
Oyl  will  run  out  at  the  lower  End  ; from  wdience  it  appears, 
that  of  all  the  Water  in  the  Glafs  no  more  prefled  on  the  Orifice 
of  the  Pipe,  than  a Cylinder  equal  to  it  in  Diameter ; and  in 
Length  equal  to  the  Diftance  which  is  between  the  Orifice  of  the 
Pipe  and  the  Top  of  the  Water,  (as  may  be  alfo  eaiily  found,  if 
you  make  a Siphon  whofe  fhorteft  Leg  fhall  be  long  enougii  to 
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counterpoize  fuch  a Cylinder  of  Water  as  will  counterpoize  the 
Oylin  the  longer)  for  when  by  raifing  up  the  Pipe,  you  (horten 
that  Cylinder,  the  Oyl  will  run  out : As  when  by  finking  it  lower 
and  fo  lengthening  the  Cylinder  of  Water,  the  Oyl  will  be  forc’d 
up  higher  into  the  longer  Tube. 

B y Experience  alfo  it  will  be  found,  that  this  Propofition  will 
hold  good,  whatever  the  Figure  of  the  (hotter  Tube  be,  whe- 
tliei  opening . broad  like  a Tunnel  by  Degrees,  or  whether  it 
have  a fpliaerical  or  otherwile  figur’d  Cavity,  of  confiderable  Di- 
menfions  in  the  middle  of  it. 

For  the  honourable  and  learned  Author,  whom  we  can  never 
mention  but  with  Admiration,  on  account  of  his  many  excellent  Qua- 
lifications, found  by  providing,  a Siphon  of  that  ( Fig.  Z.Tabula  feq.J 
and  pouring  in  Mercury,  till  it  reach’d  up  to  the  Bottom  of  the 
globular  Part  of  the  (hotter  Leg,  and  to  an  equal  Height  in  the 
longer  Leg  of  the  Siphon,  that  if  he  poured  in  Water  at  the  Top 
of  the  longer  Leg,  it  would  drive  up  the  Mercury  into  the  Ball 
of  the  (hotter,  and  more  than  half  its  Cavity  (which  it  would 
haye  filled  quite  had  the  other  Leg  been  long  enough)  and  that 
this  Ball  in  the  middle  of  the  (hort  Leg,  tho’  it  contain’d  a very 
great  Weight  of  that  fluid  Mercury,  did  no  more  hinder  it  from 
riling  to  its  due  Height,  according  to  the  different  fpecifick  Gravi- 
ty of  thofe  two  Liquors,  Water  and  Mercury,  than  if  the  (hotter 
Leg  had  every  where  been  of  the  fame  Dimenfions  with  its  upper 
Orifice  D ; for  the  great  Quantity  of  Mercury  which  was  forc’d 
up  into  the  Ball,  was  there  in  a good  Meafure  fupported  by  the 
Bottoms  and  Sides  of  it,  and  no  more  gravitated  on  C,  than  what 
lay  perpendicularly  over  it,  between  B and  C. 

And  faither  he  took  (that  he  might  the  better  make  out  the 
Truth  of  this  Propofition  or  Paradox)  three  glafs  Pipes  LOG 
of  fuch  irregular  Shapes  as  is  feen  Fig.  10.  (Tabulafeq.)  and  thefe 
by  Holes  made  on  Purpofe  for  them  in  a Covert  of  Cork  he  pla- 
ced obliquely  within  a glafs  Veflel  fill’d  with  Water  up  to  A B 
and  then  by  the  Help  of  the  Tunnel  I,  he  gently  poured  in  Oyl 
of  Turpentine,  till  its  upper  Surface  reach’d  to  F E ; which  Oyl 
he  found  did  by  its  Preffure,  on  the  Surface  of  the  Water  raife 
it  up  to  an  equal  Height,  in  all  the  three  Pipes. 

, ^ND  this  which  follows,  very  well  agrees  with  that  which  goes 
before.  Let  there  be  procur’d  three  Tubes  as  is  feen  in  Fig  u. 
Tab.feq.  of  an  irregular  Figure ; the  Angles  of  one  of  which  fhall 
be  acute  as  is  N°.  (1.)  another  of  a Helix  or  fpiral  Line,  Shape 
iuch  as  is  N°*  (2.^  and  the  other  of  an  irregular  curve  Figure  as 
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is  N°.  (3.)  fome  Parts  whereof  are  circular,  others  dired',  &c. 
and  let  them  be  fill’d  with  Oyl  of  Turpentine,  which  fhould  be 
prefs’d  down  to  a convenient  Depth  under  Water,  and  there  ftopt 
up  (as  has  been  often  taught)  we  have  found  that  according  to  this 
Propofition,  the  Superficies  of  the  Oyl  in  the  Tube  was  higher  than 
the  Water  which  was  without ; the  fpecifick  Gravity  of  one  being 
more  than  the  fpecifick  Gravity  of  the  other : But  what  was  re- 
markable in  this,  and  the  other  Experiment  was,  that  tho’the  Bottoms 
of  the  Tubes  were  irregular,  one  broader,  the  other  longer,  one 
{trait  and  the  other  circular ; yet  the  Oyl  afcended  to  its  due 
Height,  according  to  the  Prelfure  it  receiv’d  from  the  Atmofphere. 

The  moft  learned  Stevinus  (as  our  noble  Author  in  his  Scho- 
lium on  this  Paradox,  Pag.  1 1 3.  has  it)  fubjoins  fome  Confedaries, 
the  Truth  of  which  were  more  doubtful  than  his  Theorems ; on 
which  Account  Mr.  Boyle  devis’d  another  Experiment,  to  confirm 
the  Truth  of  what  he  had  before  afferted. 

H e order’d  a Tin  or  lattin  Veifel  to  be  made  in  the  Shape  of 
that  (Fig.  12.  Tabula  feq.)  which  had  a loofe  Bottom  C,  D, 
made  of  a flat  Piece  of  Wood  cover’d  with  a loft  Piece  of  Blad- 
der, and  greas’d  on  the  lower  Sides  near  the  Edges,  that  fo  lean- 
ing on  the  Rim  of  Wood  G,  H,  contiguous  every  where,  to  the 
Infide  of  the  Latton,  it  might  eafily  be  lifted  off  from  it,  and  yet 
lie  fo  clofe  upon  it  at  other  Times,  that  the  Water  fhould  not 
get  between  them  •,  to  the  middle  of  the  loofe  Bottom  was  alfo 
faftned  a long  String,  that  came  up  through  the  Body  of  the 
Pipe  A,  B. 

The  Inftrument  thus  fitted,  there  was  Water  poured  in  at  A, 
which  prefs’d  againft  the  falle  Bottom  C,  D,  and  kept  it  fo  tight 
down  that  no  Water  ran  out.  When  the  Veifel  and  Pipe  were 
both  fill’d  with  Water,  the  upper  End  of  the  String  K,  I,  was 
faftned  to  the  Beam  of  a good  Pair  of  Scales,  and  then  as  much 
Weight  was  put  into  the  oppofite  Scale,  as  did  lift  up  the  falle 
Bottom  C,  D,  from  the  Rim  G,  H,  and  fo  let  out  the  Water  ; 
and  this  Weight  he  found  to  be  confiderably  more  than  what 
would  have  ferv’d  to  have  lifted  up  as  much  Water  as  that  Veifel 
did  contain,  had  it  been  in  an  open  one  of  the  common  Shape: 
But  he  neither  fets  down  the  Meafure  of  the  Veifel,  the  Height  of 
the  Tube,  nor  the  Weight  which  was  requir’d  to  raife  the  Bot- 
tom; but  fays,  that  Wallis  himfelf  calls  in  Queftion  the  Truth  of  the 
Paradox  of  Stevinus , which  is  more  fully  explain’d  by  Monfieur 
Varignon  in  the  Memoirs,  Mathematiques  & de  Phyfique  for  the 
Year  1695.  Pag.  12. 
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PROPOSITION  VII. 

That  a Body  immers'd  in  a Fluid , fuftains  a lateral  Trejjure  from 
the  Fluid,  which  alfo  encreafeth  as  the  Body  is  plac'd  deeper 
beneath  the  Surface  of  the  Fluid. 

Altho’  fays  our  noble  Author,  lam  not  to  wonder  that  this 
Proposition  Should  Teem  a very  great  Paradox  to  molt  Readers 
yet  I hope  nevertheless,  that  I can  evince  and  make  plain  the 
Truth  of  it,  by  a very  great  Number  of  Methods ; especially  one 
which  is  very  fimple  and  eafy,  and  which  here  follows. 

Take  a Slender  glafs  Tube,  and  let  it  be  bent  fo  near  the  Bot- 
tom Quid.  Fig.  13.  Tabula  fequente)  as  that  the  lower  Part  F,  G, 
may  very  nearly  make  a right  Angle  with  the  other  Part  E,  F : 
Dip  this  Pipe  or  Siphon  into  Oyl  of  Turpentine,  and  take  up  a- 
bout  three  or  four  Inches  of  it  in  the  Pipe,  which  you  may  keep 
there  by  applying  your  Finger  to  the  upper  Orifice. 

This  done  move  the  Siphon  into  a Glafs  of  Water  and  place  it 
fo  there,  that  the  longer  Leg  may  hand  perpendicularly  to  its  Sur- 
face, and  that  the  other  lower  Leg  may  be  fo  far  below  the  Sur- 
face of  the  Water,  as  that  the  upper  Surface  of  the  Oyl  in  the 
longer  Leg,  be  but  a little  higher,  than  that  of  the  Water  in  the 
Glafs  ; for  then  if  you  remove  your  Finger  from  the  Top,  the 
Oyl  in  the  Tube  will  very  little  if  at  all  change  its  Station  • 
which  Skews  plainly  that  there  is  a lateral  PreSTure,  againSt  the  Oyl 
at  the  lower  Orifice  G,  which  hinders  its  running  out,  tho’  prefs’d 
by  the  Cylinder  of  Oyl  contain’d  in  the  perpendicular  Leg ; and 
it  you  raife  the  Pipe  up  higher  (keeping  it  Still  in  its  perpendicu- 
lar PoSture)  the  Oyl  will  drop  out;  fo  if  you  fink  it  lower  the 
Water  will  get  in  at  G,  and  force  the  Oyl  all  out,  of  that  Leg  G 
F,  and  raife  it.  proportionably  in  the  perpendicular  one  E,  F ; °nay 
if  you  thruft  it  low  enough,  the  Water  will  rife  up  into  the  loncL 
er  Leg  and  bear  the  Oyl  above  it;  which  lafi:  Circumstance  proves 
that  the.  Water  has  a lateral  Prelfure  againSt  itfelf,  as  great  as  the 
perpendicular  one  from  above,  Since  that  only  can  force  the  Water 
upon  it  to  the  perpendicular,  and  this  is  a plain  Demonstration  of 
thv  Giavitation  01  lateral  PieSlure  of  Several  Fluids  one  upon 
another,  or  of  any  one  of  them  upon  itfelf.  To  proceed, 

I f alfo  keeping  the  Tube  at  the  Same  Depth  you  turn  the  ho- 
rizontal Leg  here  and  there,  or  place  its  Orifice  G,  in  any  Part 
oS  the  imaginary  Plane  F,  G,  the  Oyl  will  keep  its  former  Station 
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in  the  Tube,  and  neither  rife  nor  fink  ; which  (hews  that  this  la- 
teral PreiTure  is  equal,  and  uniform,  in  all  Places  or  Parts  of  a Velfel 
of  Water,  at  the  fame  Diftance  from  its  Surface ; and  I may  add, 
the  greater  the  Diftance  the  Bottom  is,  from  the  Surface,  by  fo 
much  greater  is  the  Preffure,  which  will  more  fully  be  demonftra- 
ted  when  we  come  to  fpeak  of  fpouting  Liquids.  And  to  go  on, 

The  Truth  of  this  Paradox  or  Propofition  is  more  amply  iilu- 
ftrated  by  the  following  Experiment. 

Take  a fmall  bubble  Glafs  X,  of  the  fhape  of  that  {Fig.  14,  Ta- 
bula fequente)  with  a very  (lender  Neck,  and  fo  well  poiz’d  as  that 
it  will  juft  float  in  the  Water  and  no  more,  (which  being  provided) 
was  put  into  a wide-mouth’d  glafs  Veffel,  near  fill’d  with  Water, 
and  there  left  to  float,  on  the  Surface  of  that  Liquor ; then  a Cover 
or  Stopple  of  Cork,  was  well  fitted  to  the  Mouth  of  the  Glafs,  and 
was  thruft  hard  into  it,  after  which  there  was  a Hole  burnt  with  a 
hot  Iron,  run  through  the  middle  of  the  Cork,  into  which  was  put 
a long  (lender  glafs  Pipe,  reaching  a good  Way  into  the  Glafs, 
and  (landing  perpendicular  to  the  Surface  of  the  Cork. 

Also  in  another  Part  of  the  Stopple,  was  another  Hole  burnt, 
and  into  that  was  fitted  another  glafs  Tube  which  lay  (loping,  but 
yet  reach’d  a pretty  Way  down  below  the  Cork  ; the  upper  Orifice 
of  this  (loping  Tube  was  well  ftopt  with  Cement,  and  in  the  fame 
Manner  were  alfo  all  the  Junctures  between  the  Cork  and  the 
Glafs,  and  between  the  Tubes  and  the  Cork,  carefully  ftopt. 

This  being  all  done,  the  Veffel  was  inclin’d  feveral  Ways,  fo 
that  the  Bubble  X,  might  get  as  far  as  it  could  from  the  Pipe ; and 
the  more  Water  being  poured  in  at  the  upper  Orifice,  of  the  open 
Pipe  E,  F,  till  it  reach’d  to  a good  Height,  as  fuppofe  to  K,  in  the 
faid  Tube,  the  Bubble  X would  prefently  fink  to  the  Bottom  of  the 
Veifel,  and  there  continue  as  long  as  the  Water  was  continued  at  the 
fame  Height,  in  the  Tube  E,  F ; now  this  proves  that  the  Preffure 
of  the  Matter,  contain’d  in  the  Tube  E,  F,  doth  not  only  afteft 
the  Parts  of  the  Water  immediately  fubjacent  thereto,  but  alfo 
thofe  which  are  more  remote  from  it;  nay  and  above  it,  fince 
it  could  force  the  Water  into  the  Bubble  X,  and  fo  make  it  fink, 
tho*  it  lay  not  near  the  Orifice  F,  of  the  open  Tube. 
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PROPOSITION.  VIII. 

That  Water  may  be  made  to  deprefs  a Body  lighter  than  itfelfj 

as  well  as  to  buoy  it  up. 

A s wonderful  as  this  Propofition  may  feem  to  thole  who 
are  prepoffefs’d  with  Notions  concerning  Gravity  and  Levity, 
there  is  not  wherewithal  that  thofe  can  wonder  at  who  have  ex- 
perienc’d what  has  been  already  deliver’d  on  this  Head;  for 
when  the  fuperior  Parts  of  Fluids,  gravitate  on  thofe  which 
are  under  them,  and  on  other  Bodies  which  lie  again  under  them, 
and  when  any  Body  is  unequally  prefs’d  by  others,  heavier  or  light- 
er than  themfelves,  it  necelfarily  follows  that  it  muft  be  drove  from 
that  Place  where  it  is  moft  prefs’d,  into  that  which  is  lead:;  if  any 
Portion  of  Oyl  in  this  Operation  is  fo  expos’d  to  Water,  that  Water 
may  prefs  its  fuperior  Superficies. 

Take  a Render  glafs  Siphon  E,  F,  Gj  H,  (Fig.  15.  Tabula 
feql)  whole  fhorter  Leg  G,  H,  fihall  be  about  3 or  4 Inches  long,  and 
turn’d  up  as  near  as  can  be  parallel  to  the  longer  E,  F,  which  being 
dipt  in  Oyl  of  Turpentine  till  the  Oyl  has  fill’d  the  fhorter  Leg,  and 
role  to  an  equal  Height  in  the  longer. 

Then  the  Orifice  E,  being  ftopt  with  the  Finger,  the  Pipe 
may  be  mov’d  in  a Glafs  of  fair  Water,  till  the  Surface  of  the  Li- 
quor be  about  half  an  Inch  above  the  Surface  of  the  Oyl,  in  the  Si- 
phon ; and  then  the  Finger  being  remov’d  from  the  Top,  the  Oyi 
in  the  fhorter  Leg,  will  be  immediately  driven  clown  (according  to 
our  noble  Author’s  Experiment)  about  an  Inch,  and  as  the  Tube 
finks  lower,  much  more,  till  at  laft  the  Oyl  fhall  be  driven  out  of 
that  Leg  quite,  and  the  Water  following  fhall  fupport  the  Oyl  in 
the  longer  Leg,  railing  it  alfo  in  the  fame  Proportion;  the  Reafon 
of  which  is  plain  from  what  has  been  laid  before. 

Our  noble  and  ingenious  Author  found  alfo  that  when  he  us’d 
the  Siphon  hereunto  annex’d  (as  vid.  Fig.  \6.  Tabula  feq.]  that  the 
Water  would  firft  prefs  the  Oyl  horizontally  from  L,  to  M,  then 
downwards  from  M,  to  N,  and  at  laft  (by  finking  the  Tube  ftill 
lower)  upwards  from  N,  to  P;  from  whence  it  follows,  that  Wa- 
ter preffes  againft  any  Body  plac’d  in  it  all  Manner  of  Ways,  and 
that  proportionably  to  the  Depth  of  the  Body  in  it. 
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PROPOSITION  IX. 

That  not  with [landing  whatfbever  has  been  faid  of  po fit  Toe  Levity , 
a Tarcel  of  Oyl  lighter  than  Water , may  be  fo  detain'd  in  Water 
that  it  can't  a fiend  in  it. 

That  I may  fhew  the  more  clearly  (fays  our  noble  Author) 
thofe  things  which  I have  to  fay  concerning  this  Paradox  or  Propo- 
fition,  and  to  produce  thofe  Confiderations  which  are  neceffary  to 
explain  what  is  here  alTerted  ; this  Propofition  is  fet  down. 

And  in  this  Cafe  it  will  be  ufeful  to  confider  how  it  comes  to 
pafs,  that  any  Body  that  is  fpecifically  lighter  than  Water,  and  which 
is  colle&ed  together  in  the  Bottom,  below  the  Superficies  of  the  Li- 
quor, fhould  rather  emerge  or  rife  to  the  Top,  than  defcend.  to 
the  Bottom  of  it,  unlefs  we  fhould  make  ufe  of  the  aforegoing 
Problem  in  the  Explication  of  the  third  Paradox  ; but  becaufe  it 
is  more  proper  to  apply  to  our  prefent  Purpofe,  what  is  there  de- 
liver’d, I fhall  immediately  fubjoin  the  Reafon  (tho’  it  does  not 
feem  poflible)  why  any  Part  or  Portion  of  Oyl,  tho’  it  be  lighter 
than  Water,  fhould  be  detain’d  againft  its  own  Inclination,  that  it 
fhould  not  emerge  to  the  Top  ; which  is  becaufe  the  Superficies  of 
the  Veffel  being  (phyfically  fpeaking)  full  of  ftagnate  Water,  the 
horizontal  Water,  which  preifes  the  inferior  Part  of  the  immers’d  Bo- 
dy, mull:  be  neceflarily  deeper  than  that  which  preifes  the  fu- 
perior. 

That  this  may  be  reduc’d  to  Practice  let  the  following  Method 
be  us’d,  take  only  a fmall  glafs  Tube,  and  immerge  it  an  Inch  or 
two  under  Water;  flop  the  Orifice  with  the  Pulp  of  your  Finger, 
and  then  a Column  of  Water,  of  an  Inch  or  two  in  Length,  will 
remain  fufpended  in  the  Tube  ; keep  it  fo,  and  next  of  all  dip  the 
fame  Tube  into  a Velfel  of  Oyl  of  Turpentine,  and  removing  your 
Finger,  as  much  Oyl  of  Turpentine,  as  you  pleafe  will  arife  into 
the  "Tube  ; which  by  putting  on  your  Finger  to  the  upper  Orifice 
may  be  there  fufpended,  as  the  Water  was  before;  keep  it  fo,  and 
then  immerge  the  Tube  in  a Glafs  of  Water  three  or  four  Inches 
beneath  its  Surface,  and  you  will  find  on  the  Removal  of  your 
Finger,  that  the  Water  will  rife  up  into  the  Tube,  and  keep  the 
Parcerof  Oyl  fufpended  between  two  little  Columns  ol  Water. 

The  Reafon  of  which  has  already  been  fet  down  in^many  Xnftan- 
ces,  but  may  be  more  plainly  difcover’d  in  the  annex’d  Table  Fig. 
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7.  where  P,  Q_,  is  the  Water  lately  put  into  the  Glafs;  Q,  R,  is 
Oyl,  and  R,  S,  Water,  which  was  firft  of  all  fuck’d  into  the  Tube; 
for  in  this  Station  all  thefe  three  Liquors  altogether  and  equally 
gravitate  upon  the  Part  P,  and  the  incumbent  Water  only  on  the  ci- 
ther Parts  of  the  imaginary  Surface  G,  H : Neither  does  the  Oyl 
R,  Q_,  afcend,  becaufe  when  the  fpreading  of  the  Water  R,  S,  is 
ftopt  by  the  Sides  of  the  Tube.  A,  D,  is  higher  than  the  reft 
of  the  Water;  by  which  Means  the  incumbent  Water  is  broudit 
thither,  fo  that  the  fuperiour  Oyly  Part  R,  of  the  Cylinder  aforefaid, 
preffes  equally,  and  the  Water  endeavours  again  to  impel  the  low- 
er Part  of  the  fame  Cylinder  of  Oyl  Q. 

PROPOSITION  X. 

That  the  Caufe  of  the  Afcenfion  of  JV dter  in  Siphons and  its 

Tran  fit  ion  thro  them  is  explicable , without  having  Recourfe  to 

Nature's  Abhorrence  of  a Vacuum . 

, When  many  Philofophers  and  Mathematicians  amongft  the  An- 
cients, who  weie  not  well  acquainted  with  this  Propofition,  had  any 
Difficulty  to  refolve,  they  had  an  immediate  Recourfe  to  the  Fuga 
Vacuij  that  fo  they  might  explain  the  Caufe  of  theTranfition  of  Li- 
quors thro  Siphons  ; and  thofe  Moderns  alfo,  which  admit  of  a li- 
mited Vacuum  ( which  to  me  feems  certain , as  our  learned  and 
noble  Author  has  it,  Tag.  141.  of  th e'Latin  Edition,)  they  have 
left  the  Phenomenon  unexplain’d,  or  have  endeavour’d  to  explain 
it  by  litigious  Notions,  fo  that  the  Curious  are  (as  he  believes) 
much  indebted  to  the  moft  learned  Tafchaf  who  has  ingenioufly 
undertook  to  folve  the  fame.  & 7 

This  Pioblem  is  not  really  fo  difficult,  as  that  we  muft  have 
Recourfe  to  the  Fuga  Vacui  fo  much  heretofore  talk’d  off,  for  that 
in  Truth  the  Explication  of  the  Motion  of  Water  in  Siphons,  Sy- 
ringes, and  Pumps,  feems  very  confonant  to  the  Principles  of  Hy- 
droftaticks. ; 

1 o pioceed  to  Experience,  provide  a pretty  large  cylindrical 
Glafs  Tube,  of  about  18  Inches  or  two  Foot  lone  as  A B C D 
(Vide  Fig.  1 8.  Tub.Seq.J  provide  alfo  a Siphon  of  two’ Legs’ 
K F,  KG;  provide  alfo  a Siphon  KF,  KG,  with  a hollow  Pipe’ 
as  K E,  opening  into  or  communicating  with  them,  to  each  of 
thele  two  Legs  of  the  Sipnon  (one  of  which  muft  be  longer  than 
the  other)  tye  with  a String  a Tube  of  Glafs  I,  H,  feal’d  at  the 
Bottom,  pour  therein  Water  at  E,  and  let  it  run  out  at  I,  and  H, 

till 
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till  it  hath  fill’d  the  Tubes  hanging  at  the  Ends  of  the  Legs  of  the 
Siphon  fo  far,  that  the  End  of  each  Leg  be  a little  beneath  the 

Surface  of  the  Water. 

This  being  done,  and  the  Inftrument  and  Pipe  fanned.  in  its 
true  ereft  Pofition,  if  you  fill  the  VeiTel  A,  B,  C,  D with  Oyl 
of  Turpentine,  till  it  reach  higher  than  the  Siphon  K,  flopping  m 
the  mean  Time  the  upper  Orifice  of  the  PipeE  K,  with  your  Fin- 
ger, vou  will  find  the  Oyl  to  prefs  fo  on  the  Water  in  the  Tubes 
I and  H,  as  to  force  it  up  into  the  Legs  of  the  Siphon  fo  high  as 
K-  and  that  in  the  removing  of  your  Finger  from  the  iop  F, 
the  Water  will  begin  to  run  out  of  the  upper  Tube  I,  into  the 
lower  one  H,  as  in  or  thro’  a common  Crane  or  Siphon.  _ 

Now  it  is  apparent  as  Light  it  felf,  in  this  fo  well  contnv  d 
an  Experiment,  that  the  Water  runs  thro’  the  Legs  of  the  Siphon, 
tho’  the  Air  coming  down  by  E K,  hath  a free  Communication  with 
them  both : So  that  here  no  Fuga  V acui  can  be  pretended,  as  the 
Caufe  of  the  Waters  running;  but  that  ’tis  plainly  occafion  d by 
the  Preffure  of  the  lighter  Fluid,  viz.  the  Oyl  of  Turpentine  on 
the  Surface  of  the  Water  in  the  Tube  I,  till  it  force  it  up  into 
the  emptv  Leg  of  the  inferted  Siphon  as  high  as  K,  and  then  it 
defcends  down  into  the  lower  VeiTel  of  Tube  H,  thro  the  larger 

Leg  of  the  Siphon.  . 

The  Oyl  indeed  will  gravitate  on  the  Surface  of  the  Water  in 
both  the  Tubes  I and  H,  and  there  being  a longer  Column  of 
Ovl  over  H,  than  there  is  over  I,  by  about  an  Inch  in  Length, 
the  Preffure  will  be  greater  on  the  Surface  of  the  Water  in  H,  by 
the  Weight  of  an  Inch  of  Oyl  of  Turpentine;  but  then  it  muff  be 
confider’d,  that  the  Column  of  Water  which  defcends  in  the  Leg  G, 
though  refitted  in  its  Motion  by  the  Weight  of  an  Inch  of  Oyl, 
more  than  the  Water  which  tends  downwards  in  the  Leg  F,  is 
vet  longer  by  an  Inch,  than  the  other  Column  of  Water  in  the 
fhorter  Leg  F,  and  an  Inch  of  Water  of  the  fame  Dimenfions,  be- 
ing heavier  than  an  Inch  of  Oyl,  the  Tendency  or  Motion  of  the 
Water  muff  be  from  F,  towards  G ; and  not  from  G,  towards  F ; 
■and  confequently  the  Crane  or  Siphon  will  work  that  Way.  . 

“ From  hence,  (fays  an  induftrious  Author,  Dr. Harris)  tis  plain 
« that  when  once  a Crane  or  Siphon  by  Su&ion  or  otherwife,  is 
« filTd  with  the  Liquor  it  is  to  decant ; ii  the  Legs  of  it  be  not 
« above  33  or  34  Foot  long,  one  of  them  being  longer  than  an- 
te other  the  Liquor  muff  continue  to  run  thro  it  as  Jong  as  theie 
« js  any  to  rife  in  it,  or  that  the  Siphon  hold  branch ; but  then, 
« ;f  never  fo  little  a Hole  be  made  in  the  Crane  or  Siphon,  or 

“ any 
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“ any  Leak  be  there,  the  Water  can  no  longer  run,  becaufe  the 
“ Air  now  comes  to  prefs  on  the  Water  within  the  Siphon,  as 
well  as  on  that  without  it,  and  confequently  mull:  hinder  its 
“ Gourfe  of  Running.” 

. ^ fame  will,  (with  that  induft rious  Gentleman’s  Leav7e)  happen 
m any  common  Crane  or  Pump,  where  the  Air  will  (by  its  £- 
lafticity)  be  continually  intruding  itfelf  in,  at  the  leaft  Intermilfion 
oi  the  Water’s  'running  ; except  there  is  a Syringe  continually  at 
work  to  draw  off  all  fuch  intruding  Air,  which  will  drill  be  en- 
deavouring to  deftroy  the  Ballance  in  the  Ingrefs  of  the  Water  into 
and  Piogtefs  thiough  the  Pipe,  as  it  is  feen  in  decanting  Wine  and 
other  Liquors  where  the  Crane  is  not  above  a Foot  high  ; and  if 
it  happens  to  be  fo  in  fmall  Cafes,  what  may  we  not  expert  when 
wearetoraife  and  decant  Water  32,  33,  or  34,  0r  more?  But 
or  this  more  hereafter. 


PROPOSITION  XI. 

That  a folid  Body  as  ponderous  as  a?iy  known , tho ’ in  the  Surface 
of  the  Water , will  fink  by  its  own  Weight ; yet  if  it  is  plac’d 
m a greater  Ttefth  than  that  of  its  own  Thicknefs J it  will  not 

tfzts  cDeftent  be  not  ajffled  by  the  Weight  of  the  incum- 
bent Water. 

Our  learned  and  noble  Author  is  very  fure  this  Paradox  or  Pro- 
polition  was  never  before  propos’d  by  any  Body,  and  therefore  it 
was  not  likely  to  appear  true  to  thofe  to  whom  he  had  produc’d  it 
(the  Mathematicians  themfelves  not  excepted)  ; and  that  he  could 
fcatce  hope  that  that  illuftrious  Society,  of  which  he  was  a Mem- 
ber fhould  readily  and  univerfally  agree  to  it,  unlefs  induc’d  there- 
to by  Experience. 

Tf AT,  ™ho  are  his  Followers  may  proceed  therefore  in  a 

regular  Method,  he  has  dire&ed  to  fill  a glafs  Velfel  of  about  two 
or  three  Foot  in  Length  (with  a large  Tube  feal’d  at  the  End)  with 
Water  as  is  feen  (A1^.  19.  Tab.  feq. ) If  then  a little  Cylinder  or 
Cube  of  folid  Biafs,  as  E,  be  any  where  plac’d,  either  at  the  Sur- 
tace,  in  the  Middle,  or  towards  the  Bottom  of  the  Veflel  ftill  it 
mult  lmk  to  the  Bottom;  becaufe  the  compound  Column  ofWater 
and  Brafs  together  (Brafs  being  alraoft  nine  Times  as  heavy  as 
common  Water  is)  will  gravitate  or  prefs  more  than  any  Column 
Ox  atei  only,  of  the  fame  Length  and  Diameter;  and  confequently 
the  Brafs  will  difplace  the  Water  under  it,  and  fink  lower  and  lower 

Y till 
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till  it  conies  to  the  Bottom,  and  this  is  the  Cafe  of  a Stone  or  any 
other  heavy  Body ; but  yet  if  you  fuppofe  this  Piece  of  Brals 
plac’d  on  the  imaginary  Surface  L,  M,  above  nine  Times  its  Depth 
under  Water,  and  that  it  were  poffible  to  keep  off  the  Preffure  of 
the  Water  perpendicularly  incumbent  upon  it ; it  is  not  reafonable 
to  fuppofe  that  the  Brafs  would  fink  at  all,  but  be  fupported  and 
buoyed  up  there  ; for  the  Brafs  can  in  this  Cale  charge  the  Water 
under  it  at  F,  with  no  more  than  juft  its  own  proper  andabfolute 
Weight  ■ whereas  all  the  other  Parts  of  the  Surface  L,  M,  are 
charg’d  or  prefs’d  upon  by  Columns  of  Water,  which  fuppofing 
them  to  be  of  the  fame  Diameter  with  the  Piece  of  Brafs,  (or  fingly 
heavier  than  the  Brafs,  becaufe  they  are  above  nine  Times  as  long 
as  the  Brafs  is  thick)  and  are  therefore  preffing  or  gravitating  more 
on  L,  M,  than  the  Brafs  doth,  rauft  of  Courfe  keep  the  Brafs  fuf- 
pended  which  cannot  fink,  becaufe  it  can’t  remove  a Weight  of 
Water  heavier  than  itfelf:  And  from  the  fame  Principles  ’tis  plain 
from  Reafon,  that  if  the  Brafs  be  plac’d  yet  lower,  and  the  Preffure 
of  the  incumbent  Water  be  (as  before)  taken  off,  inftead  of  finking 
it  muft  needs  rife,  and  be  lifted  up  by  Force  ; and  this  is  the  Rea- 
fon that  Bodies  of  different  Gravities  fwim  either  higher  or  lower 
if  gently  immerg’d  in  Water  according  to  their  Thicknefs  and  fpe-_ 
cifick  Gravities:  And  this  alfo  muft  be  the  Cafe  of  a Piece  of 
Gold  (the  heavieft  of  all  Metals)  if  it  were  plac’d  in  thefe.  Cir- 
cumftances,  in  a Veffel  full  of  Water  where  the  perpendicularly  in- 
cumbent Preffure  was  kept  off,  and  the  Gold  nineteen  Times  its 
own  Thicknefs  in  the  Liquor. 

From  hence  I fay,  (fays  our  noble  Author)  if  any  Body  or  Piece 
of  Brafs  be  plac’d  deep  enough  below  the  Surface  of  the  Water,  and 
fo  defended  that  no  incumbent  Water  can  prefs  it ; it  will  be  fu- 
ftain’d  by  the  fubjacent  Water,  and  this  is  what  fhall  be  made  out 
farther  in  the  following  Experiment. 

Let  there  be  a Piece  or  Body  of  Brafs  E,  F,  having  a Cover 
or  brafs  Valve  well  cemented,  in  which  let  there  be  well  turn’d 
and  fitted  a Piece  of  folid  Brafs  as  E,  F,  abovemention’d ; let  a 
deep  glafs  Veffel  be  provided  in  the  Shape  of  Fig.  20,  in  the  fol- 
lowing Plate,  which  Veffel  let  be  fill’d  with  Water  near  to  the  Top, 
then  at  the  Bottom  thereof  let  there  be  a glafs  Tube  open  at  both 
Ends,  into  which  the  brafs  Valve  abovemention’d  was  faftned, 
which  tho’  it  would  flop  the  Valve  exaftly,  would  yet  eafily  fall 
out,  if  not  fufpended  or  iupported  by  any  thing:  To  the  upper  Side 
of  the  brafs  Piece  E,  F,  let  there  be  a Button  faftned,  whereby  it 

may 
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may  (by  Means  of  a String  coming  up  through  the  Pipe  P,  O,)  be 
drawn  clofe  up,  fo  as  to  flop  the  Valve. 

All  things  being  thus  fitted,  if  you  fink  the  Tube  with  its 
Valve  and  brafs  Stopple  fa  ft  in,  till  the  Brafs  be  about  nine  Times 
its  Thicknefs  beneath  the  Surface  of  the  Water  in  the  glafsVeffel? 
You  will  find  tho’  you  loofen  the  String,  that  the  brafs  Stopple 
will  not  fall  out ; becaufe  the  Valve  being  clofe,  and  the  Sides  of 
the  glafs  Tube  not  capable  of  being  permeated  by  the  Water,  there 
can  no  more  of  that  Liquor  prefs  upon  the  brafs  Stopple  perpendi- 
cularly ; but  whatever  Prelfure  it  fuftains  is  from  the  Tendency  of 
the  Water  upwards,  which  muft  needs  ferve  to  lupport  it,  fince 
that  is  greater  than  the  Weight  of  the  Brafs.  But  if  you  raiie  the 
Tube  up  towards  the  Top  of  the  Water,  the  brafs  Weight  there 
over-ballancing  the  Preffure  of  the  Water  upwards,  it  will  foon;  if 
not  held  by  the  String,  flip  out  of  the  Valve  and  fall  down,  and 
the  Water  will  immediately  rife  in  the  Tube. 

But  if  inftead  of  raifing  the  Tube  up  towards  the  Surface  of 
the  Water  X,  Y,  you  would  fink  it  down  much  deeper  towards 
the  Bottom  ; you  will  find  that  this  brafs  Stopple  which  will  fall 
out  readily  into  the  former  Station,  will  now  fupport  a confidera- 
ble  Weight  (as  L,)  faftned  to  it  by  a Bottom  made  on  the  under 
Surface  of  it;  but  that  on  the  raifing  of  the  Tube  upwards,  this  ad- 
ditional Weight  will  make  the  Stopple  dropout  much  fooner  than 
before:  As  fuppofe  when  the  Tube  is  rais’d  only  to  the  Height 
of  three  or  four  Inches  &c.  which  Experiment  does  abundantly  con- 
firm the  Truth  of  this  Paradox  or  Propofition ; and  no  doubt  had 
the  Stopple  been  made  of  any  other  Metal  or  Material  more  pon- 
derous than  Brafs  (fuppofe  Gold)  and  that  the  Tube  had  been  let 
down  into  the  VelTel,  till  that  Gold  or  other  Metal  had  been  nineteen 
Times  its  Thicknefs  (or  what  Thicknefs  foever  elfe  its  fpecifick 
Gravity  requir’d)  even  that  ponderous  Metal  (let  it  have  been 
what  it  would)  would  have  there  remain’d  without  finking. 

From  whence  (at  one  View)  may  be  feen  that  which  happens 
when  two  plain  and  polifh’d  Pieces  of  Marble  are  join’d  together, 
where  we  fhall  find  it  impoffible  to  feparate  them  without  great 
Strength;  neither  is  there  Qccafion  to  have  recourfe  to  the  Fuga 
Vacni  for  the  Explanation  of  Cohsefion  ,•  for  whilft  thole  Pieces 
are  encompafs’d  with  the  ambient  Air,  which  is  a Fluid  not  defti- 
tute  of  Gravity,  and  ftretch’d  out  I know  not  to  how  great  a 
Height  above  the  Marbles,  they  can’t  poiftbly  feparate  ; for  then 
it  muft  needs  keep  the  Stone  pendulous  or  buoy’d  up,  till  fuch 
Time  as  the  Air  infinuates  itfelf  between  the  Stones,  or  that  a 
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Weight  be  affix’d  to  the  lower  Stone  which  exceeds  the  Weight 
of  a Pillar  of  Air,  whole  Diameter  is  that  of  the  Marble,  and  its 
Height  reaching  to  the  Top  of  the  Atmofphere  : And  that  this  is 
the  Reafon  of  their  Cohaffion  is  plain,  becaufe  when  they  are  thus 
fufpended,  and  do  adhere  to  each  other  in  the  Receiver  of  the 
Air-pump,  on  a very  few  Pumpings  of  the  Air  out  of  the  Receiver 
they  will  immediately  disjoin  and  fall  afunder,  as  feveral  learned 
Men  have  experienc’d  ; and  it  may  be  prov’d  that  there  is  noth- 
ing elfe  but  this  Preffure  of  Water  which  I have  juft  now  explain’d, 
which  caufes  this  Cohaefion  of  the  Parts  of  the  Valve;  for  if  it 
be  elevated  by  Degrees  towards  the  Superficies  of  the  Water,  you 
will  foon  find  the  Piece  of  Brafs  E,  F,  to  be  drawn  downwards 
from  the  Stone,  which  will  hang  to  it,  juft  as  you  perceive  of 
Water  creeping  between  the  Parts  of  the  Valve  and  afcending  in 
the  Tube. 

To  all  which  I only  add,  what  will  hereafter  be  made  more  plain, 
that  conformable  to  our  Do&rine,  when  the  Preffure  of  the  Bo- 
dy E,  F,  upon  the  fubjacent  Water,  is  a good  deal  encreas’d  by  the 
Weight  of  the  Stone  which  is  hanging  to  it  y there  is  no  Occa- 
fion  of  a Valve  as  before,  to  elevate  it  above  the  Plan  I,  K;  for 
the  overcoming  the  Refiftance  of  the  Water,  when  it  is  fo  built  as 
to  be  capable  of  performing  that  by  its  own  Force,  before  it  can 
be  elevated  to  its  proper  Height,  which  is  all  I fhall  in  this  Chap- 
ter add  from  this  illuftrious  Author. 
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BOO  K.  IX. 


C H A P.  XIII. 

Of  the  fo  much  difputed  Vacuum  of  the  Ancients , and 
of  the  natural  Effects  of  Air  and  other  Fluids  in 
Hydroftaticks. 

HAT  I may  explain  what  is  meant  by  the  Vacuum 
and  Vlenumj  of  which  mention  has  been  made  m 
the  foregoing  Chapters,  and  which  was  for  fo  ma^ 
ny  Ages  the  Dilpute  of  a great  many  great  Men;, 
it  is  requifite  I fhould  trace  and  diftinguilh,  with  as 
great  a Perlpicuity  and  Plainnefs  as  I can,  what  the 
Advocates  on  either  Side  have  advanc’d  in  Favour  of  their  beloved. 
HypotheHs;  fome  whereof  maintain’d  an  abfolute  Tlemtm , and. 
the  other  as  ftiffty  an  abfolute  Vacuum , Inane,  or  empty  Space; 
wherein  otherwife  they  tell  us  we  can't  move „ for  that  one  Subfiance- 
can't  move  in  another. 

1 was  once  indeed  in  the  Mind  not  to  have  gone  fo  far  back; 
as  to  have  meddled  with  an  Hypotheiis  which  has  been  fo  long 
controverted,  and  till  of  late  fo  little  determin’d  as  this  is ; but 
then  I thought  I Ihould  not  do.  Juftice  to  my  Subject,  nor  fet 
this  Affair  into  its  true  and  genuine  Light,  without  examining, 
the  moft  material  of  the  Arguments  fro  and  con on  which  the 
Practice  of  Hydroftaticks  and  Hydraulicks  are  founded  ; being 
willing  that  thole  which  muff  be  obliged  to  tread  thefe  Paths, 
and  to  endeavour  to  get  their  Knowledge  by  Application  and 
Books,  as  I have  done,  may  have  their  journey  made  as  plain 
and  eafy  as  poffibly  it  can  be. 

Amongst  the  feveral  Reprefentations  which  many  Sages  of 
Antiquity  have  made  ufe  of,  to  affert  the  Improbability  of  a Va~ 
cuum , (which  tho’  ftiffly  maintain’d  by  fome,  was  as  refolutely  de- 

nv’d  : 


1 66  An  Introduction  to  a General  Syftem 

ny’d  by  others)  was  that  remarkable  Pofition  for  which  Arijiotk 
himfelf  was  the  greateft  Champion,  fihiod  Jovis  omnia.  plena:  In 
which  it  was  imply’d  that  all  Hollows  or  fuppofed  Vacuities  were 
full  of  Air  or  feme  other  Subftance,  (which  (fill  maintain’d  the 
Doflrine  of  a ‘Plenum ) which  Air  was  of  fucli  a Nature  as  to 
recede  and  give  Place  to  whatever  came  into  its  Way,  and  then 
return  again  to  its  firft  Scituation  and  Pofition,  and  that  there  was 
really  no  fucli  thing  as  a Vacuum  or  empty  Space  in  the  whole 
Gompafs  of  Nature,  which  they  demonftrated,  or  at  Ieaft  endea- 
vour’d to  demonftrate,  by  undeniable  Arguments;  and  that  it  plain- 
ly appear’d  by  the  bare  Infpe&ion  of  the  Outfide  of  a glafs  VeiTel 
fill’d  with  Air,  which  being  comprefs’d  on  every  Side  by  the  pour- 
ing in  of  Water  produc’d  lo  many  extraordinary  Effects ; and  this 
they  produce  as  the  Foundation  on  which  fo  many  ufeful  Ar- 
guments are  brought  to  light;  for  the  better  and  clearer  Demon- 
it  ration  of  all  that  can  be  4a id  concerning  the  Motion  of  Water 
by  Engines  or  otherwife. 

Many  there  are  (fays  the  laborious  Bocklcr , Lib.  i.  Pag.  4.) 
of  no  fmall  Note,  which  have  endeavour’d  to  demonftrate  that 
there  is  a Vacuum  or  Place  empty  and  devoid  of  all  Matter,  from 
an  Argument  drawn  from  Quickfilver’s  being  poured  into  a glafs 
Tube,  where  it  dilates  or  contrails  irfelf,  or,  according  to  common 
Obfervation,  rifes  and  falls,  as  the  exterior  Air  is  more  or  lefs  fubtle 
or  denfe  : But  as  the  fame  Author  obferves,  whenever  they  go  a- 
bout  to  do  it  by  this  or  any  other  Argument,  they  appear  to 
ufe  thole  that  are  artificial  or  mechanical,  rather  than  thofe  that 
are  natural,  and  therefore  of  little  or  no  Ufe  at  all. 

Democritus  and  Leucippus  (as  we  have  it  from  the  fame  Bock- 
ler)  being  of  the  firft  Rank  of  the  Pythagorean  Philofophers,  did 
iuppofe  that  there  was  nothing  elfe  but  a.  Vacuum.,  or  empty  Space, 
which  feparated  and  divided  ordinary  things,  and  which  was  this 
larp-e  Vacuity  in  which  we  live  ; and  then  affirm’d  that  the  World 
was  a large  Animal,  from  whence  this  Vapour-fpirit  or  Air  extend- 
ed itfelf  rid  Infinitum , which  they  fay  was  a clear  Demonftration 
of  this  Vacuum , and  fuppos’d  that  this  A<ftion  was  firft  perform’d 
by  the  voluntary  Afpiration  or  Breathing  of  this  Globe,  and  B 
contra  draws  in  again  by  its  Refpiration. 

Anaxagoras  (by  Name)  another  Philofopher  of  great  Account, 
fuppos’d  alfo  that  there  was  a large  Vacuum  in  the  Place  where 
we  fuppofe  the  Air  to  be  invifible  to  human  Sight,  and  demon- 
crates  that  there  was  nothing  in  Nature  more  real  and  plain ; by 
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an  Example:  of  aBladder’s  being  blown  up  and  extended  in  fuch 

a Manner,  that  it  could  not  without  great  Difficulty  be  com- 
preis  d again.  J 

,;cA-D  the  ^ lab°rious  Philofopher  endeavours  to  illuftrate  this- 
his  Opinion  by  another  Example  of  a Watering-fiphon.  This  In- 
ftiument  fays  he,  which  is  acuminated  or  pointed  towards  the 
} °P>  and  made  oi.  Clay  or  any  other  Material,  and  ufed,  as  it  often 
has?  for  the  watering  of  Gardens,  is  in  the  Bottom  very  large  and 
plain,  but  full  of  lmall  Holes  like  a Sieve-  but  at  the  Top  the  Ori- 
fice is  only  one  large  Hole.  F 

This  VefTel,  by  the  Intrufion  of  Water  or  Vapour  paffing  through 

the> °PT  VPaCeS  u the  .Bott°m, is  eafily  fill’d  therewith,  which  o- 
thei  wife  it  would  not  be,  were  it  not  for  the  large  Orifice  that  is 

Top  by  which  the  Air  paffes  and  is  excluded,  being  refilled 

or  Ropy  out  by  the  fupenor  Subfiance,  Body  or  Force  of  Water 

•irrnthl'°USh  lC : ,fnd  in  like  Manner  a VefTel  full  of  Wa- 

En trance  of  aI°F  FZr*  T°P’  and  for  that  Reafoil  the 

Entiance  of  An  is  deny  d the  Water  that  is  poured  in,  nor  anv 

no  tin  r n hi  <-W  a * flow below;  becaufe,  according  to  Anaxagoras , 
nothing  but  Air,  a Subfiance  neverthelefs  invifib)e& can  thus  naf? 

ESID£S  thele  Phiiofophers,  MeUJJus  alio  upon  the  Foot  of  his 
own  Experience  proceeds  to  demonllrate  a Vacuity  from  the  [ 
lowing  Reafons ; all  things  (fays  he)  that  are  moved  o eras’d 
are  moved  and  encreas’d  in  a certain  or  determinate  Place  rha? 
t us  Place  is  either  a ‘Plenum  or  a Vacuum ; if  it  be  a Plenum  ’there 
wdl  be  two,  three,  or  four,  or  perhaps  an  inlin  ty of  BoS  T’in  th 
fame  Place,  the  greater  mult  be  contain’d  in  the  lelfer  the  fonal 
and  unequal  ,n  the  fame  Place,  which  are  among,"  the  Comm 
neties  and  Impoffibilities  of  Nature.  b uie  '-ontla' 

From  whence  lie  argues,  that  all  Motion  and  Augmentation 
happens  in  this  Vacuity,  and  that  fuch  a thing  is  neJK  im. 
pyd  in  the  very  Nature  of  things;  for  the  moving  of  all  Bodies 

hhefvTVl0nr  1 n(i,n  ?le  of  this  Philofbpher)  fs  efta- 

r hd  tbe  Cei  tainty  of  the  Moveablenefs  or  Rotation  of  the  World 
and  to  fuppofe  that  this  umverfal  Motion  could  be  efiefted  any 
where  but  in  a Vacuum , would  be  abfurd.  any 

£t3?PvOM  bence  be  birersJ  that  it  is  as  plain  as  Light  itfelf  that  everv 
Plenum  ov  corporeal  Subftance  neceffariiy  has  its  Bern*  in  the  Place 

B?dy’ )vhicb>  is  in  Truth  no  o 1 er 

contended  Ior?°l  ab  e by  him  “ yo 

Having  thus  given  a fhort  Account  of  the  Opinions  of  Z><?- 

mocritus , 
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mocritus , Leucippus  and  others,  who  have  been  endeavouring  to 
cftablifh  the  Dodrine  of  a Vacuum  ; Arijiotle  defcends  the  Stage 
arm’d  with  four  different  Arguments,  which  neverthelefs  (for  Bre- 
vity Sake)  Lampfacenus  contra£fs  into  two;  one  that  relates  to 
the  Motion,  and  the  other  to  the  Conftridion  or  Condenfation 

of  Bodies.  , , „ , , , . 

I n the  fir  ft  Place  (he  fays)  that  he  can  t follow  that  Maxim, 
which  implies  that  Motion  being  once  allow’d,  a Vacuum  alio  mult 
follow  of  Courfe  ; for  altho’  it  is  certain  that  nothing  can  move 
in  a ‘Plenum,  yet  the  Methods  are  to  be  obferv’d  whereby  Bodies 
give  Place  to  one  another,  and  relinquifh  Space  to  Motion,  or  in 
other  Words  interchange  the  one  for  the  other. 

S o it  is  that  a Stone  which  is  thrown  up  into  the  Air  is  faid 
to  be  mov’d,  not  as  tho’  it  was  in  or  through  a Vacuum  or  void 
Space,  but  fo  as  that  the  Air  is  lighter  and  more  penetrable  than 
other  Bodies  -are,  and  fo  gives  Place  to  a greater  Force,  and  then 
after  that  returns  to  its  former  Pofition,  even  as  the  Sea  gives  Way 
to  a loaded  Ship,  which,  tho’  it  plows  the  Water  and  feems  to 
leave  a Furrow  behind  it,  foon  fills  up  again  and  returns  to  its 

former  Level.  . . . . 

A s to  what  relates  to  the  other  Argument,  it  is  very  weakly 
inferr’d  from  the  Compreffion  of  Bodies  that  there  is  a Vacuum 
mixt  with  them,  which  buffers  Bodies  of  a thinner  Subftance  to  be 
fo  conft tided ; for  fays  that  learned  and  intelligible  Author,  every 
thing  which  is  condens’d  is  contraded  or  comprefs  d one  within 
another,  as  it  contains  a Body  of  a more  fubtle  Nature  which  be- 
ing comprefs’d  in  the  aforefaid  Manner  paffes  through  the  fame 
Pores  or  Perforations  in  which  it  was  befoie  found,  giving  Place 
to  the  Contradion  and  Condenfation  of  larger  and  heavier  Bodies, 
as  we  fee  Air  evaporates  and  diffufes  itfelf  when  comprefs  d by  the^ 
more  powerful  Body  of  Water,  the.  Weight  of  Water  to  that  of 
Air  by  feveral  later  Experiments  being  found  to  be  between  8 and 
QOO  to  , • as  Dr.  Defaguliers  and  others  have  fet  down.  . 

That  which  they  urge  from  the  Dilatation,  Augmentation,  and 
Rarefadion  of  Bodies,  and  that  would  infer  from  thence  (as  the 
learned  and  laborious  Bockler  has  it)  that  the  Vacuum  refides  a- 
mongft  thofe  Principles,  argue  (contrary  to  what  .later  and  better 
Philofophy  teaches)  what  is  very  abfurd  and  without  any  leal 
Sound  or  Signification  ; for  indeed  this  Kind  of  Augmentation  hap- 
nens  bv  the  Accretion  of  fome  other  new  Magnitude  on  the  for- 
mer, or  that  I may  fpeak  more  intelligibly,  by  the  Revolution, 
Union,  or  Joining  (call  it  which  you  will)  of  a thicker  Subftance 
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on  that  which  is  thinner  ; even  as  Air,  which  (as  he  lays)  is  gene- 
rated by  Water,  is  by  far  more  extenfive  and  fuller  of  priftine 
Humor : Although  no  new  Subftance  fhall  have  any  Accelfion  or 
Addition  to  it,  tor  which  he  refers  to  Cornel.  Drebblimis  Trails 
of  the  four  Elements  y and  alio  Benj . Bran,  de  Vacuo. 

The  Argument  that  is  fetch’d  from  Afhes,  turns  it  felf  againft  its 
own  Authors,  (fays  this  laborious  Philofopher)  for  whilft  Afhes  re- 
ceive and  fup  up  Water;  they  intromit  it,  either  into  a Tlenum  or 
a V acuum ; into  a Tlenum  they  can’t,  becaufe,  according  to  their 
own  Opinions,  one  Body  cannot  penetrate  into  another;  it  there- 
lore  follows,  that  it  mull  be  received  and  admitted  into  a Va - 
cuum. 

^ But  if  we  fhould  by  Way  of  Concehion,  and  to  pleafe  thofe 
Gentlemen,  allow  an  abfolute  V acuum , it  would  infer  no  more 
than  that  tha t Vacuum  (which  is  really  nothing  at  all)  encreafes  and 
decreafes,  is  dilated  and  contracted,  which  is  an  Abfurdity ; for  up- 
?n  ^.ch  a Supposition,  that  this  V acuum  could  extend  and  contract 
it  felf  like  a Subftance  or  Body,  it  would  thence  follow,  that  it  was 
one  and  the  fame  Thing  that  a Body  was;  and  therefore  nothing 
different  from  a Tlenum,  by  which  Means  they  deftroy  the  Doc- 
tiine  of  aP acuum,  when  they  go  about  to  eftablifh  it. 

And  that  the  Argument  concerning  Afhes,  (which  the  Advo- 
cates for  a Vacuum  make  ufe  of)  is  making  rather  againft,  than 
lor  them ; Endemus  in  his  third  Book  T)e  Caufis  Naturalibus 
thus  folves,.  ftating  the  Cafe  thus,  That  tho’  Water  be  poured 
on  Allies,  it  does  not  follow,  that  that  Water  can  be  received 
or,  as  it  were,  abforb’d  and  lick’d  up  thereby;  for  if  there  fhould 
be  any  vacuate  Pores  or  Angles  which  imbibe  the  Water  in  fuch  a 
VefTel,  yet  in  Allies,  or,  which  is  much  to  the  fame  Purpofe, 
Hack’d  Lime  there  is  always  a certain  inward  Heat , labouring 
as  it  were  in  its  own  Bowels  which,  when  it  meets  with  Moif- 
tuie,  caufes  it  to  change  as  quick  as  Thought  it  lelf,  and  evapo- 
rate into  Air,  which  appears  plainly  to  the  Eye,  by  the  Afcenfion 
of  the  Smoak  and  Vapour. 

Another  Reafon  made  ufe  of  by  the  Advocates  for  a Vacu- 
um, Amfiotle  himfelf  folves  in  his  Problems;  and  in  this  Man- 
ner he  asks  why  Wine,  that  is  beforehand  fufficient  for  the  fil- 
ling  of  a Hogfhead,  but  being  poured  out  ol  it  into  slals  Vef- 
fels.  can’t  fill  the  fame  again,  but  leaves  Room  for  pouring  in 
moie  at  Top.  This  Queftion  (I  fay)  this  great  Philofopher  an- 
Iwers  himfelf,  by  faying,  That  Wine  contains  in  it  felf  a certain 
Quantity  ol  Spirit  or  Air,  which  the  Thicknefs  and  Largenefs  of 

Z the 
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the  Veffel  does  not  fo  eafily  give  Leave  to  evaporate  or  let  go,  as 
Glaffes  do;  out  of  which  being  poured,  by  little  and  little,  that 
which  is  poured  off  lofes  its  aerial  Spirit,  and  gives  Room  and 
Space  for  the  pouring  in  of  more  Wine  to  fill  it  up:  And  I add, 
that  when  this  Spirit  or  Air  is  evaporated,  that  then  it  is  that 
Wine  and  other  Liquor  grows  dead  and  flat,  the  aerial  Spirit 
being  evaporated  and  gone,  that  contributes  fo  much  to  its  Brisk- 
nefs. 

To  proceed  with  this  laborious  Philofopher,  it  is  evident,  that 
Air  and  Water  feparate  themfelves  with  more  Difficulty  from  a 
large  Body  than  it  does  from  a fmall  one;  as  a large  Spunge  that 
is  fill’d  with  Moifture,  cannot  be  freed  from  it  by  fqueezing  fo 
exactly,  or  with  the  fame  Eafe  and  Difpatch,  as  it  will  from  a 
Spunge  of  a lefs  Amplitude ; and  certain  it  is  (fays  he)  that  Wine 
contains  more  Air  than  Water  does:  And  it  may  be  added  from 
Experience,  that  the  more  generous  Liquor  is,  the  lighter  it  is; 
containing  more  Spirit  as  before ; which  alfo,  lays  our  oft-quoted 
Author,  agrees  with  the  Experiment  concerning  Allies;  to  wit, 
that  whilft  the  fame  Quantity  of  Water  and  Allies  are  put  at  one 
and  the  fame  Time,  into  one  and  the  fame  Veffel;  it  takes  up  the 
, fame  Room,  and  no  more  than  it  did  before,  feparately  and  fuc- 
ceffively  (which ; fays  our  ingenious  Author,  is  very  eafy  to  under- 
hand) for  Afhes,  being  a very  light  Subftance,  contains  in  its  own 
Fores  and  Receffes  a great  Quantity  of  Air;  upon  which  Water 
being  poured,  which  is  more  fubtile  and  thinner  than  the  terrene 
Subftance  of  Allies,  infinuates  it  felf  thereinto,  and  by  Degrees 
contra£ts  more  Strength  (becaufe  every  Thing  which  is  comprels’d, 
fenfibly  and  by  Degrees,  and  not  by  one  Force  only,  is  heavier 
and  of  greater  Denfity  in  its  own  Nature,  than  that  which  is 
lighter.)  By  which  Means  Afhes  naturally  condenfe  Water,  whilft 
it  is  abforbing  or  drinking  it  up;  and  at  the  fame  Time  evaporates 
a great  Deal  by  Steam  into  Air,  (if  they  are  hot)  that  they  may 
make  Room  for  what  remains. 

But  to  draw  as  foon  as  polfible  towards  a Conclufion  of  thele 
Opinions  of  the  Ancients,  which  are  fomething  hard  to  under- 
hand; there  were  many  more  (fays  Bockler j Lib.  J.  p.  7.)  amongft 
thofe  Sages  of  Antiquity,  and  iuch  as  were  well  skill’d  in  Philofo- 
phy,  even  as  many  as  liv’d  from  the  Time  of  Thales  the  Milefian , 
to  TlatOj  that  abfolutely  deny’d  that  there  was  luch  a Thing  as 
a Vacuum  in  the  Univerfe,  from  whence  came  that  famous  Verfe  of 
Empedocles  of  Agrigentum . 2 
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Nil  V acuum  in  toto  ejl  piano , aut  circumjluit  Orbe . 

Nriflotle j that  Prince  of  Philolophers,  appear’d  to  have 
banifh  d the  Notion  of  a V acuum  out  of  the  World ; yet  ‘Plutarch 
writes,  that  lie  held  there  fhould  be  as  much  ./Ether  as  Fire,  for  the 
lake  of  Breathing : However,  as  there  are  no  Footsteps  found  in 
any  of  Arifiotle' s Writings,  that  tended  thereto,  but  on  the  con- 
trary, (and  in  Oppofition  to  the  Pythagoreans  s')  he  is  every  where 
found  lfemming  that  Opinion  of  theirs,  with  all  the  Might  he 
could*  it  may  be  infer’d  that  he  held  no  fuch  Thing. 

Macedonus  Epicionus , a Philofopher  of  Etruria , was  of  another 
Opinion,^  and  fays,  That  this  V acuum  was  placed  without  or  near 
the  Confines  of  the  World,  telling  us  that  there  are  a Multiplicity 
of.  Atoms  fluctuating  and  confuiedly  extending  themfelves  under 
this  Vacuum  or  empty  Space,  into  which  Vacuum  upon  any  Occa- 
(as  m.ay  be  inferr’d  from  his  Writing,)  thofe  lower  Particles 
of  Matter  intrude  themfelves,  when  agitated  or  difturb’d  by  any 
potent  Body.  1 1 

To  give  this  Hypothefis  its  due  Emphafis  and  Weight,  he  fays, 
1 hat  God  Almighty  is  the  Giver  and  Upholder  of  all  Things,  with- 
in this  habitable  World;  but  that  which  is  without  or  above  it, 
is  the  Seat  and  Habitation  of  that  glorious  Being,  without  any 
Limit  or  Subftance,  corporeal  or  immaterial,  of  eternal  Duration* 
and  this  (with  how  great  a Probability  of  Truth  I know  not) 
he  teiins  a Vacuum  / from  whence  lie  has  infer’d,  that  this  Vacu- 
um or  empty  Space  is  not  admitted  within  the  Confines  of  this  a- 

nn  rW°rJc|’  i.or  there  beifig  known  Bodies  of  a like  Nature, 
full  of  all  that  is  proper  to  their  refpeCh've  Beings,  and  compos’d 
out  of  heavenly  and  cceleftial  Elements,  can’t  after  that  admit  of 

any  Thing,  contrary  to  the  Nature  of  what  he  had  before  fet 
down. 

. °f  tbis  Opinion  alfo.  was  Cleomedes,  a noted  Philofopher  of  An- 
tiquity ; againft  all  which  Arijiotle  defcends  the  Stage  again ; but  as 
the  Squabble  is  long  and  the  Arguments  on  each  Side  are  manag’d 
in  a kmc  of  a confus  d Manner,  rather  than  that  which  is  Ma- 
thematical and  ielf-evident,  I fhall  not  trouble  my  Reader  with  it. 
But  fhaU  only,  to  what  I have  faid  on  this  Head,  add  from  later 
l imes^  the  Opinion  of  Hero  Alexandrians,  a noted  Writer  in  Hy- 
di  oft  a ticks,  who  fays,  That  there  were  in  his  Time  a great  many 
amongft  the  Learned,  that  deny’dany  Kind  of  Vacuum  in  the  World  : 
ButTor  my  Part,  fays  he,  I do  agree  and  eftablifh  it  as  my  Opi- 

2-  2 mom 
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nion,  that  there  is  fuch  a Thing,  but  that  it  is  not  gathered  to- 
gether in  one  Place,  but  minutely  and  by  infenfible  Particles,  or 
I'm  all  Parts,  diffeminated  and  difpers’d  this  Way  and  that  Way,  thro’ 
Water,  Air,  Fire,  and  all  other  Bodies. 

For  altho’  a Diamond,  which,  becaufe  of  its  natural  Hardnefs* 
cannot  be  penetrated  either  by  Fire  or  Steel,  (certainly  from  the 
Reafon  and  Proportion  of  it)  yet  it  does  not  follow,  that  this  Di- 
amond is  deftitute  of  all  Vacuity,  but  that  it  maintains  its  con- 
fiant  and  impenetrable  Hardnefs,  from  a thick  inviiible  Sub- 

ftance.  , . . . 

For  the  fuller  Demonftration  of  this  Pofition,  it  is  to  be  obler- 
ved,  that  Airis  a Body  compos’d  of  minute,  very  light  and  incon- 
fpicuous  Particles  or  Atoms,  which  mutually,  firmly  and  in  all 
Places  cohere  to  one  another,  but  yet  leaves  fome  fmall  vacant  Spaces 
within  it  felf,  in  like  Manner  as  Sand  is  gathered  and  heaped  up 
together  on  the  Sea-fhore.  Suppofe  then  thefe  Arenula’s,  or 
fmall  Grains  of  Sand,  to  be  Atoms  or  Particles  of  Air,  you  will 
perceive  a foft  gentle  Wind  or  airy  Subftance  in  the  Place  of  the 
aforefaid  Vacuum ; from  whence  it  often  happens,  that  by  the  pre- 
ternatural  Compreflion  of  thofe  two  Bodies,  the  included  Ail  is  of 
Courfe  condens’d,  and  oblig’d  to  refide  in  thofe  Vacuities  or  empty 
Spaces ",  but  as  foon  as  this  compreffive  Power  is  remitted  or  re- 
laxed, it  immediately  returns  from  what  it  was  to  its  firft  State 
and  Magnitude,  as  is  feen  in  bended  Horns  and  dry  comprefs’d 
Sponges  (the  Power  or  Force  being  over,  whereby  they  were  com- 
prefs’d) which,  according  to  their  own  natural  Affe&ion,  return  to 
their  former  State  and  Place. 

Almost  the  fame  Effect  follows,  where  Particles  of  Air  are  e- 
mitted  or  chas’d  away  out  of  any  Place  or  Veflel,  by  any  ex- 
traordinary Violence,  for  that  they  quickly  flow  together  again, 
from  an  innate  Affection  that  is  in  their  Nature  one  to  another, 
and  left  the  Vacuum  fhould  extend  it  felf  beyond  its  juft  Bounds  j 
for  this  Motion,  or  rather  Flight  of  the  Particles  of  Air,  accele- 
rates (if  nothing  elfe  hinders)  this  very  Vacuum.  For  we  find  by 
every  Day’s  Experience,  that  if  any  light  Veffel  having  a narrow 
Orifice  or  Mouth  that  moves,  it  attracts  the  Air  with  it  in  a very 
ftrong  Degree,  and  if  you  apply  your  Lips  to  it  (left  the  Vacu- 
um fhould  have  too  much  Space)  it  will  adhere  to  them,  contrary 
to  its  own  Nature  , that  the  fuppos’d  Vacuum  may  be  corn- 
pleated  and  fill’d  the  better-,  and  the  fame  Thing  happens  in  a 
Syringe,  which  is  us’d  in  fprinkling  or  difperfing  of  Water  or 

Moifture  over  any  Thing-,  as  alfo  in  all  Cucurbits  or  Cupping- 

Glafles, 
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Glaffes,  us’d  in  common  Scarifications,  as  is  eafily  demonftrable  to 
the  Eye. 

And  that  this  may  be  the  better  underftood,  (our  Author  argues) 
that  the  Cover  of  a Brafs  Veffel  being  made  very  ftrong  and  hollow, 
or  of  a fpherical  Figure  within,  and  which  will  hold  one  and  a 
half,  or  two  Meafures  of  any  Thing,  and  let  it  be  every  Way  well 
fhut  and  conglutinated  or  fealed  together  ; make  a Perforation  or 
Hole,  on  the  Top  of  this  fpherical  Velfel,  and  put  down  therein 
a Tube  perpendicularly ; but  fo,  as  that  it  may  not  touch  the  Bot- 
tom, but  have  a neceffary  Space  for  the  Water  to  flu&uate  : Let 
this  little  Tube  be  carried  higher  than  the  Veffel,  and  the  Bung- 
hole  of  the  Veffel  exactly  Hop’d  three  or  four  Fingers  thick, 
or  more,  as  it  is  done  in  all  other  Cafes  of  this  Kind  : If  there- 
fore, according  to  the  Opinion  of  fome,  there  is  no  Vacuum 
within  this  Sphere  ; it  confequently  follows,  that  there  is  neither 
Air  nor  Water  in  it,  and  that  it  is  a Tlenum. 

But  this  is  not  fo,  for  if  the  aforefaid  Tube  be  mov’d  to  your 
Mouth,  and  you  adjoin  it  thereto,  and  blow  with  what  Strength- 
you  can,  all,  or  a great  Part  of  the  Air  that  was  before  enclo- 
sed in  the  Veffel,  will  pafs,  and  hurry  out  with  great  violence : Fronr 
whence  it  muff  be  infer’d,  that  there  is  a Kind  of  Vacuum , or  emp- 
ty Space,  wherein  that  Air  was  included  ; which,  as  was  faid  be- 
fore, was  condenfed  and  contracted,  and  might  admit  of  more  ; 
or  if  you  would  have  it  other  wife  exprefs’d,  when  you  have 
fuck’d  out  one  Part  of  the  Air,  in  the  Room  of  which  no  other 
can  be  admitted,  it  is  neceffarily  and  confequentially  imply’d,  that 
there  does  remain  a certain  Vacuum , though  not  fuch  as  has  been  of- 
ten underftood  within  this  fpherical  Veffel;  but  fo,  that  it  may  be  ea- 
fily encreas’d  or  extended  by  RefuCtion.  From  all  which  it  is  evident, 
that  there  are  vacuated  and  difpers’d  Spaces  in  the  Air,  by  the  Inter- 
vention of  which,  it  may  be  condens’d,  rarify’d,  or  expanded  : All 
which  tends  to  what  our  more  modern  Philofophers  fet  down  on  this 
Head,  who  have  cliftinguifh’d  it  into  a Vacuum  dijfeminatum  five 
interffierfum , &c.  Having  thus  trac’d  the  Opinions  of  the  moft 
knowing  amongft  the  Ancients,  let  us  now  have  Recourfe  to  what 
our  more  modern  Philofophers  have  argued  on  "his  Head.- 

Rohault , one  of  the  chief  amongft  the  Cartejian  Philofophers, 
(for  I have  not  had  the  Opportunity  of  examining  what  Defcar- 
tes  himfelf  has  advanc’d,  (Part.  I.  Cap.  8.)  as  we  have  it  from  that 
excellent  Verfion  of  Dr.  Clark’sJ  affirms,  that  there  can  be  no  fuch 

Thing, 
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Thing,  as  what  the  Philofophers  call  an  inane  (*)  or  empty  Space, 
fince  by  that  inane  they  underftand  a Space  without  any  material 
Body  in  it  ; but  to  us,  (fays  he)  Space  and  Extenfion  is  one  and 
the  fame  Thing  ; and  that  to  enquire  whether  Space  can  be  with- 
out Matter,  is  to  enquire  whether  Matter  can  be  fine  materia. 

But  that  excellent  Divine,  who  by  his  great  Learning  has  been 
fuch  an  Honour  to  his  Country  in  general,  as  well  as  a great 
Benefactor  to  Philofophy  in  particular,  pofitively  affirms  from 
the  Nature  of  Gravity,  that  there  is  fuch  a Thing  as  a Vacuum , and 
which  is  greatly  vifible  in  all  fublunary  Beings.  And,  upon  the 
Foot  of  the  Newtonian  Principles,  proceeds  to  demonftrate  it  from 
the  Motion  of  Comets  : For  when  Comets,  fays  he,  are  by  any 

long  continued  Motion  carried  every  Way,  and  in  all  Parts  through 
the  celeftial  Spaces  above,  (they  neceffarily  cut  the  Orbs  of  all 
thofe  Planets  they  meet  with  crols-wife)  from  whence  it  is  evident, 
that  thofe  celeftial  Spaces  are  free  from  all  fenfible  Refiftance,  and 
confequently  free  from  all  fenfible  Matter,  and  which  alfo  (I  may 
add)  neceffarily  implies  a Vacuum . 

The  fame  Thing  holds  good  of  pendulous  Bodies,  for  that  Bo- 
dies of  this  Kind  meet  with  no  Refiftance,  where  the  Air  is  not  ex- 
haufted  ■ from  whence  it  is  plain,  that  there  is  no  fenfible  Matter 
in  thofe  Spaces,  or  in  the  occult  and  hidden  Meanders  of  thofe 
Bodies  : The  Carte  fan  Suppofition,  that  the  Thinnefs  of  any  fub- 
tle  Material,  (fuppofe  Air)  may  be  the  Caufe  why  its  Refiftance  is 
■not  fenfible  ; and  that  a fmall  Body  running  upon,  or  meeting  one 
which  is  greater,  can't  move  it  at  all,  or  any  Way  hinder  its  Mo- 
tion, but  that  it  will  refieCt  back  with  all  the  Expedition  im- 
aginable , is  foolifh  , and  contrary , both  to  Reafon  and  Expe- 
rience. 

For  the  moft  illuftrious  Newton  has  demonftrated,  (in  his  Op- 
ticks,  Pag.  3x1.)  that  the  Denftty  of  all  middle  Fluids  anfwer  in 
Proportion  to  the  Refiftance  of  thofe  which  are  next  them ; and  it 
is  a great  Miftake  of  thofe  who  hold,  that  the  Refiftance  of  Pro- 
jectiles diminifh  in  infinitum. , thro’  the  infinite  Divifion  of  the 
Parts  of  a Fluid;  when  on  the  contrary  it  is  vifible,  {vid.  Princip. 
Lib.  2.  ‘Prop.  38.  CorolL  2.)  for  that  the  Refiftance  which  is  occafi- 
on’d  by  the  Divifion  of  the  Parts  of  the  Fluid,  can’t  be  much  di- 
minifh’d  ; becaufe  it  appears,  (by  Prop.  40.  CorolL  3 & 4.)  that 

(*)  Inane  quod  vocant  Philofophi  nullum  efle  poffe  fpatium  fine  Materia,  nobis 
autem  fpatium  (feu  Extenfio)  unum  & idem  eft  atque  Materia,  & quserere  utrum 
fpatium  fine  materia  poffit  elTe  tale,  eft  quale  li  quatras  utrum  Materia  fine  Materia 
poffit  efte.  Vid.  Kohault's  Confe&aria,  Pars  prim.  Cap.  8. 
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the  Refiftance  of  all  Fluids  is  as  their  Denfities  ; for  why  can’t  the 
fame  Quantity  of  Matter  have  the  fame  Force  of  Refiftance, 
when  they  are  divided  into  a great  many  fmall  Parts,  as  a few 
that  are  larger  ? Wherefore,  if  there  were  no  void  Spaces,  it  would! 
follow,  that  a Body  which  is  caft  into  the  Air,  or  into  a Place  out 
of  which  the  Air  is  exhaufted,  ought  not  to  move  with  lefs  Diffi- 
culty than  in  Quickfilver,  which  is  contrary  to  Experience.  And 
it  is  plain  from  the  Nature  of  Gravity,  (ft)  (as  before  aflerted)  that 
that  Space  is  an  inane  or  empty  Space,  and  fuch  a one  indeed  as 
abounds  in  all  fublunary  Things. 

When  therefore  the  Effence  of  Matter  is  founded  not  in  Ex- 
tenfion,  but  in  impenetrable  Solidity  ; it  muft  be  faid,  that  the 
whole  World  is  compos’d  of  folid  Bodies,  which  move  in  vacuo  : 
Nor  is  there  any  Doubt  to  be  made;  but  that  the  Phenomena's  of 
Nature  may  be  as  well  explain’d  by  this  Principle,  as  any  ; for 
the  Explanation  of  thofe  Phaenomena’s,  which  feem  to  have  the 
greateft  Weight  in  the  Plenitude  of  the  World,  as  the  Barometer , 
the  Flux  and  Reflux  of  the  Sea,  the  Motion  of  the  Stars,  Light 
&c.  are  very  plainly  demonftrated  from  them. 

Of  the  fame  Opinion  alfo,  is  the  learned  Phyfician  Dr.  C.heyney 
who  in  his  Principle  of  reveal’d  Religion,  (Cap.  2.  Coroll  5. 
Tag.  12.)  by  the  vis  inertia  of  Sir  Ifaac  Newton,  fays,  that  the 
Neceifity  of  a Vacuum , or  a Place  diftin£t  from  Matter  is  clearly 
demonftrable  ; all  Bodies  (according  to  that  learned  and  ingenious 
Author)  refilling,  to  the  utmoft  of  their  Power,  any  Change  or 
Alteration  of  their  State,  whether  of  Motion  or  Reft.  And  fince 
the  Refiftance  in  the  fame  Body  is  always  equal  or  the  fame  and 
in  different  Bodies  (as  before-mention’d)  is  proportionable  to  the 
Quantity  of  Matter  they  contain  ; and  that  fince,  confequently, 
if  two  Bodies,  containing  equal  Quantities  of  Matter,  and  mov- 
ing with  equal  Velocities  in  a contrary  Diredtion,  fo  that  they 
impinge  diredtly  on  one  another,  they  will  certainly  flop  at  the 
Point  of  their  Concourfe  and  be  at  reft. 

As  alfo,_  fince  it  is  demonftrable , that  two  Bodies  movin'? 
contrariwile  with  equal  Celerities,  and  refting  both  at  their 
Meeting,  are  equally  heavy ; it  neceflarily  follows,  that  two  Bo- 
dies containing  equal  Quantities  of  Matter,  are  equally  heavv 
and  therefore,  if  there  were  no  Vacuities  in  Bodies,  * two  Spheres 
of  equal  Diameters  would  contain  equal  Quantities  of  Matter, 

f Vid.  Not.  1.  Lin.  4.  Verum  ex  Gravitatis  Natura  conflat  jam  omnino  aliquod 
inane  & multo  id  quidem  maximum  in  rebus  elle. 
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and  confequently  be  equally  heavy;  i.  e.  -two  Spheres  of  equal 
Diameters,  one  of  Gold,  and  another  of  Wood,  fhould  have  the 
fame  fpecifick  Gravity  ; which  being  contrary  to  Experience,  there 
is  a Neceffity  of  admitting  Vacuities  in  the  later  Sphere,  to  an- 
fwer  the  Difference  of  their  Gravities. 

It  is  true  (lays  that  learned  Phyfician)  it  may  be  anfwered 
that  one  of  the  equal  Bodies  may  be  liippos’d  to  be  more  porous 
than  the  other,  and  the  Pores  to  be  pervaded  by  fome  more  fubtle 
Fluid  (fuppofe  Air)  which  paffing  freely  thro’  the  Body,  is  not 
concern’d  in  the  Impulfe.  But  to  obviate  this  Objection,  and  to 
make  the  Proof  of  a Vacuum  amount  to  a Demonilration,  Sir  /- 
faac  Newton  has  fhewn  by  many  repeated  Experiments  in  Pendu- 
lums, &c.  but  particularly  in  defending  Bodies,  that  the  Refin- 
ance of  Fluids  (as  we  have  already  fet  down  from  the  Reverend 
Dr.  Clarke,)  is  always  proportionable  to  their  Denfities,  that  is, 
to  the  Quantities  they  contain,  or  to  their  Vires  inertia , which 
this  Phyfician  urges  from  the  Refiffance  and  P refill  re  of  Flu- 
ids one  upon  another  : And  fince  it  is  Weight  alone  ( i.  e. 
Matter)  which  can  produce  Preffure  in  all  inanimate  Bodies,  (for 
which  fee  Newton'" s Schol.  on  Prop.  XL.  Lib.  11.  fecond  Edition 
of  his  Principia ) it  is  plain,  that  if  Bodies  be  ever  fo  po- 
rous, and  fill’d  with  Fluids  ever  fo  fubtle,  yet  if  there  be  no 
Vacuities  entirely  without  Matter,  thofe  porous  Bodies  muft 
be  equally  heavy  with  the  moft  compact  ones;  fince  the  Flu- 
ids requir’d  to  fill  thofe  Pores,  mull  be  equally  heavy  with 
the  folid  Body;  and  fince  both  muft  contain  an  equal  Quantity  of 
Matter,  if  there  be  no  Vacuities;  all  Fluids  refilling  (that  is  in- 
deed weighing)  in  Proportion  to  the  Quantity  of  Matter  which 
they  contain.  If  therefore  there  be  no  Vacuities,  Bodies  muff: 
be  equally  heavy,  which  being  contrary  to  Experience,  there  is  a 
Neceffity  of  admitting  Vacuities,  in  order  to  account  for  the  all 
different  corporeal  Weights. 

But  there  is  another  alfo,  of  our  modern  * Philofophers,  who, 
upon  the  Foot  of  the  Newtonian  Principles,  allows  of  the  Poffi- 
bility  of  a Vacuum,  from  the  bare  Examination  of  Ideas,  for  that 
every  Thing  which  we  can  clearly  difcover  to  exift,  is  poffible. 

We  acquire  (fays  that  learned  Author)  an  Idea  of  Solidity  by 
the  Touch,  and  we  feel  Bodies  that  refill  us  every  Moment,  by 

* Vacuum  poffibile  efle  ex  folo  examine  Ideaium  deducitur,  omne  enim  quod 
clare  concipimus  exiftere  poffe,  poffibile  eft,  (ut  vult  Gravefande.  Math.  Elem. 
Nat.  Philoft  Cap.  3.  Lib.  I.) 
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which  it  appears  that  a Body  is  folid;  which  Ideas  of  Solidity  are 
transferr’d,  even  to  thofe  more  fubtle  Bodies,  which,  by  Reafon 
of  the  fmallnefs  of  their  Parts,  elcape  our  Senles ; (as  Air  for  in- 
ffance,  in  which,  as  will  be  hereafter  found,  are  feveral  vacuate 
Spaces)  and  we  find  by  Experience,  that  even  thefe  of  Air,  fubtle 
and  thin  as  they  are,  refill  other  Bodies  as  well  as  the  hardeft. 

Thus  the  Air  we  are  fpeakingof,  does,  almolf,  always  efcape  our 
Sight  and  Touch;  yet  in  a Syringe,  which  is  clofe  fhut  up  at 
the  End,  it  refills  the  Pillon,  fo  that  it  can’t  be  pufh’d  to  the  Bot- 
tom of  the  Syringe  by  the  greatefl  Force. 

The  Idea  of  Solidity  (as  defin’d  by  this  excellent  Perfon)  is  not 
indeed  contain’d  in  Extenfion  ; that  only  follows  from  Contact, 
but  this  may  be  had  without  it ; for  if  a Man  had  never  touch’d  a 
Body,  he  could  have  no  Notion  of  Solidity. 

And  indeed  all  or  moft  of  the  Squabble  that  has  been  between 
the  Philofophers , both  ancient  and  modern,  has  been  occafion’d 
by  their  different  Conceptions  of  the  Nature,  Properties  and  Ac- 
cidents of  Matter. 

Arijiotle  in  his  Phyficks,  writes  that  Matter  is  nec  Quid;  nec 
Quantum nec  Quale  ^ neither  can  it  be  defin’d  in  any^  other  cer- 
tain Manner;  from  which  moll  of  his  Followers  inferr’d,  that 
it  was  not  capable  of  Extenfion,  nor  did  it  even  exill;  tho’  Ro- 
jo ault  in  his  Phyficks,  Cap.  7.  Tag.  23.  fays,  That  Arijiotle  ap- 
pear’d to  fpeak  of  Matter  in  general  Terms ; befides  as  he  there 
dilfinguilhes  Extenfion  from  Quantity,  every  Body  ought  to  di- 
Ifinguifh  carefully  between  them,  becaufe  one  can’t  know  one 
without  the  other. 

I fhall  omit  the  Accidents  of  Matter,  which  are  Hardnefs,  Li- 
quidity, Cold,  Lightnefs , Talle,  Smell,  Sound,  Light,  Co- 
lour, &c.  which  the  Cartejians  fuppofe  have  no  Parts,  Figure  nor 
Extent ; and  lafb  of  all,  as  to  the  penetrable  Nature  of  thefe  Ac- 
cidents: If  any  Part  of  Matter,  to  wit,  a Foot  cubick,  tho’  it  has 
all  Things  that  are  neceflary  to  that  Magnitude,  yet  it  does  not 
appear  that  another  Foot  cubick  can  be  added,  but  that  of  it  two  cu- 
bick Feet  mull  be  made;  and  as  he  that  is  willing  to  reduce  them  by 
Penetration,  both  into  one  cubick  Foot,  yet  neverthelefs  could  not 
join  one  to  another  , unlefs  he  fliould  overturn  that  which  he 
had  firft  fix’d;  upon  which  Account  it  was,  that  the  Cartejians 
believed , that  the  Parts  of  Matter  are  impenetrable  in  their 
Nature. 

Which  Things  being  fo,  it  mull  be  inferr’d,  that  Extenfion, 
Figure  and  Impenetrability,  are  truly  the  Properties  belonging  to 
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the  Effence  of  Matter,  which  conftantly  attend  it;  and  from 
which  it  can’t  be  feparated : But  becaufe  Extenfion  is  to  be  con- 
ceiv’d prior  to  the  other  two,  and  that  neither  of  them  can  be 
well  conceiv’d  or  underftood,  unlels  Extenfion  be  firft,  it  is  to 
be  fuppofs’d  that  this  Extenfion  is  that  which  conftitutes  this  Ef- 
fence or  Being  of  Matter. 

But  Dr.  Clark , in  his  Notes  on  Rohaultj  fays,  That  if  Exten- 
fion was  the  effential  part  of  Matter,  and  that  that  Matter  was 
the  fame  as  Space  it  felf;  it  would  follow  alio  that  Matter  (as  Space) 
was  infinite,  and  confequently  eternal,  which  does  not  depend  on 
created  Beings,  nor  can  be  any  Property  or  Confequence  of  them, 
much  lefs  a Mode  or  Accident,  and  therefore  it  muff  be  a true 
Subftance.  * Befides,  (fays  our  learned  Divine)  by  the  Nature  of 
Gravity,  (as  before  defin’d)  by  the  Motion  of  Comets,  and  the 
Vibration  of  Pendulums,  it  appears  plainly  that  Space  it  felf  can’t 
be  Matter;  and  therefore  that  not  Extenfion  fimply  confider’d, 
but  fuch  an  Extenfion  as  is  folid , impenetrable  and  endued  with 
the  Force  of  Refiftance,  can  (as  before  faid)  be  call’d  the  Materia 
Ejfentia_,  or  the  real  Being  or  Effence  of  Matter. 

Now  as  the  Extenfion  of  a Body  implies  a Divisibility,  that  is, 
that  one  may  confider  Parts  in  it,  but  yet  the  Divifibilty  of  Bo- 
dies differs  from  the  Divifibility  of  Extenfion  ( according  to 
Gravefande , Book  I.  Pag.  8.)  for  its  Parts  may  be  feparated  one 
from  another  ; but  as  this  Property  depends  upon  Extenfion, 
it  muft  be  examin’d  under  the  Conlideration  of  Extenfion,  and 
then  what  is  thus  demonftrated  may  be  eafily  transferr’d  to  Body. 

But  to  come  nearer  the  Point,  and  not  to  detain  my  felf  nor 
•Readers  in  a Labyrinth,  concerning  the  Parts  whereof  Matter 
is  compos’d;  it  is  in  general  certain,  that  many  of  the  Particles 
of  Matter  are  of  a very  fubtle  infinuating  Nature  as  Air  is, 
which  tho’  it  does  infinuate  it  felf  into  all  the  Crevices  and  Re- 
ceffes,  into  which  it  can  find  Entrance;  yet  that  there  are  Va- 
cuities, even  in  Air  it  felf,  I fhall  by  and  by  demonftrate. 

By  theHelp  of  Microfcopes  many  Objects,  which  would  otherwife 
efcape  the  Sight,  appear  very  large,  and  there  are  fome  Animalcula  fo 
fmall,  that  they  are  fcarce  vifible  with  the  befi:  of  thefe  Inftruments  ; 

* Ex  quo  manifeftum  eft  earn  a rebus  creatis  non  pendere ; nec  poffe  earum  confe- 
quens,  nec  proprietatem  ; multo  minus  Accidens,  aut  modum ; ideoque  veram  eftfe 
fubftantiam.  Vid.  Cap.  7.  pag.  13.  prxdic. 

f Quare  non  Extenfio , fed  Extenfio  folida,  impenetrabilis  & vi  Reliftendi  prxdita, 
reSius  (ut  didtum  eft)  appellari  poterit  Materix  Eftentia.  Vid.  Dr.  Clark' s Notes  on  Ro- 
kault's  Phyf.  Part  I.  Cap.  7.  pag.  si.  in  finem. 
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and  yey  thefe  have  all  the  Parts  neceffary  for  Life,  as  Blood  and 
other  Liquids : How  wonderful  therefore  muft  thofe  Particles  be, 
which  make  up  fuch  a Fluid! 

But  at  laft,  and  to  conclude  this  Chapter,  thefe  Parts,  howe- 
ver^ fubtle  they  are , are  certainly  intermix’d  with  vacuate  Spaces, 
which  proceed  from  the  nature  of  their  Figure  or  the  ftri&er  Union 
and  Coherence  or  Incoherence  of  them. 

I imagine  therefore  that  Air  is  compos’d  of  an  infinite  Number 
of  Corpufcula’s,  and  fmall  Bodies  or  Particles  of  Matter  inter- 
fpers’d  thro’ the  whole  Region  where  we  live,  of  the  Nature,  (tho’ 
invifible)  of  Sponge,  Cotton,  Hair  or  Wool,  or  of  that  Down 
which  is  on  the  Top  of  the  Sonchus  Levis or  Sonthiftle ^ or  of 
the  Erigerum  Tomentofum  or  GroundfeL  which  feeds  fo  plentifully 
in  Gardens. 

Whether  the  Figure  of  thefe  Particles  of  Air  be  globular  and 
fmooth,  or  irregular  and  fo  glabrous  or  uneven,  I fhall  not  at 
this  Time  take  up  my  Time  in  difcufling  ; it  is  evident,  that  let  them 
be  which  you  will,  and  let  the  Subftance  of  them  be  fram’d  in  the 
Nature  of  any  of  the  Subftances  abovemention’d,  that  in  all  the 
Unevennefles  that  muft  neceflarily  flow  from  their  Contexture,  Shape 
and  Figure,  there  are  Interfpaces,  wherein  that  Vacmim  refides. 

Except  we  were  to  fuppofe  them  to  be  Bodies  of  the  Figure  of 
a Die,  us’d  in  Gaming,  which,  neverthelefs,  would  by  their  Revo- 
lution (had  they  Room  to  turn)  foon  wear  off  their  Corners. 
Nor  is  it  to  be  doubted,  but  that  thofe  Particles  of  Air  are  not 
very  ftridly  hook’d  together,  but  flie  as  it  were  feparately  and  dif- 
jointed  one  from  another;  at  leaft  if  there  be  any  Connedion  it 
is  only  that,  by  which  the  Tops  of  the  Apices  or  Tufts  of  thefe 
Semens  are  joined  to  one  another;  and  it  may  with  Reafon  be 
fuppos’d,  that  thefe  vacuate  Spaces  which  are  difpers’d  between 
them  are  larger  than  thofe  Corpufcules  themfelves  are,  and  much 
beyond  the  Reach  of  Human  Sight,  and  that  thofe  Spaces  are 
very  intelligibly  (by  Phifiologifts)  defin’d  by  an  interfpers’d  or  vacu- 
ate inane. 

Agreeable  alfo  to  this,  is  what  the  learned  and  laborious Har- 
rifon,  in  his  Lexicon  Technician,  has  fetdown,  who  has  diftinguifh’d 
it  into  a V acuum  dijfeminatum  or  interfperjum^  that  is  lar(Te  Va- 
cuities interfpers’d  about  or  between  the  Bodies  of  a’  fmaller  or 
larger  Fluids. 

°R  a V acuum  coacervatumJ  which  is  a larger  void  Space,  made 
by  the  meeting  together  of  the  feveral  interfpers’d  or  diffeminate 
Vacuities  beforemention’d ; and  that  there  is  in  the  Senfe  of  thefe 
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learned  Gentlement,  a Vacuum , at  leaft  a difleminate  one,  Teems  clear 
from  the  following  Arguments : 

First,  that  without  fuppofing  fome  interfpers’d  Vacuities  a- 
mongft  Bodies,  ’tis  very  hard  to  account  for  Motion ; for  if  there 
be  an  abfolute  Tlenum , the  leaft  Body  in  Nature  can’t  move,  but 
all  Bodies  that  are  muft  move  with  it;  and  yet  into  what  Places 
they  fhould  move,  when  all  Things  are  already  full,  is  very  hard  to 
conceive. 

Secondly,  "Without  allowing  a Vacuum , how  can  theie  be  any 
fuch  Thing  as  either  RarifaCtion  or  Condenlation ; fot  it  all  Space 
is  actually  full  of  Body,  nothing  can  poffibly  ever  take  up  a grea- 
ter or  lefler  Room  than  it  had  at  firft,  and  yet  we  find  by  evident 
Experience,  that  Air  is  capable  of  a very  great  Degree  of  Com- 
preffion,  and  that  Water  may  be  ratified  into  Air  or  Vapour,  and 
then  take  up  vaftly  larger  Room  than  it  did  before. 

Thirdly,  Sir  Ifaac  Newton , (as  beforemention’d)  has  found 
that  the  Weight  of  Bodies  doth,  by  no  Means,  depend  on  their 
Forms  or  Textures,  but  that  all  Bodies  at  equal  Diftances  fioin  the 
Earth  do  gravitate  towards  it,  in  Proportion  to  the  Quantity  ot 
Matter  in  them,  which  is  every  where  as  their  Weight;  wherefore 
there  muft  of  Neceftity  be  a difleminate  Vacuum,  for  if  all  Places 
were  full,  there  would  be  no  Difference  in  the  Ipecifick  Gtavity 
of  Bodies;  but  Air  would  be  as  intenfively  heavy  as  Gold;  and  fo 
Gold  could  not  defcend  in  Air,  much  lei's  any  lighter  Body  than 
it,  which  would  contradict  all  the  received  Laws  of  Hydroftaticks, 
tho’  confirm’d  by  ten  thoufand  Experiments. 

To  illuftrate  what  we  have  been  faying,  from  Example  and  Ex- 
periment, and  to  give  this  difleminated  Vacuum  (which  is  not 
altogether  inconfiftent  with  a T lenumj  its  due  Emphafis,  fo  as  to 
difcover  its  EffeTs  in  Hydroftaticks,  we  find  that  the  Ancients  (as 
the  learned  Wallis,  P.  14.  Prop.  XV.  of  his  Mechamcks)  plac’d 
their  Notion  of  a Tlenum,  and  the  Abhorrence  which  there  was 
in  Nature  to  a Vacuum  from  a Siphon,  which  being  plac’d  in  a 
Veflel  full  of  Water,  and  the  Air  drawn  out  of  the  Tube  (as  it  is 
done  in  the  decanting  of  Wine  and  other  Liquors)  that  then  the  Li- 
quor will  follow  immediately  and  keep  running,  till  the  Veflel  was 
quite  empty,  at  leaft  till  it  was  drawn  down  to  the  level  of  the 

End  of  the  Siphon.  „ , % , , , 

From  which  Phenomenon,  it  was  (fays  he)  that  they  ground- 
ed their  Belief  of  an  infinite  Fuga  vacui;  and  that  confequenoy 
they  could,  by  the  fame  Method,  convey  Water  over  the  higheft 
Hills  into  oppofite  Valleys;  but  it  was  afterwards  found  out  by 
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undoubted  Experiments,  that  Water  could  not  be  drawn  above  35 
or  34  Foot  high  at  moft,  either  by  Su&ion  or  Pulfion  (call  it 
which  you  will)  that  that  Ftiga  vacuij  (as  underftood  by  the  An- 
cients) had  really  no  Exiftence  but  in  the  Minds  of  its  profefs’d 
Admirers. 

On  this  Account  it  was  that  fome  Moderns  began  to  introduce 
the  Equip  on  dium  or  Counter-ballance  of  Air,  to  that  of  Water, 
in  the  Room  of  the  * Fuga  vacui ) fo  much  before  contended  for  ; 
which  they  found  would  not  do;  in  which  the  famous  Gallileo 
fir  ft  led  the  Way,  fhewing  the  Method  of  weighing  and  knowing 
the  fpecifick  Gravity  of  Air,  compar’d  with  Water,  &c.  and  which 
was  from  him  purfued  with  great  Sagacity  by  Torricelli , who  in- 
vented, as  a farther  Proof  of  it,  the  Barometer  j which  from  that 
ingenious  Inventor,  is  to  this  Day,  by  the  Learned,  call’d  the 
Torricellian  Experiment;  being  a glafs  Tube  of  about  three  or 
four  Foot  long  and  one  Quarter  of  an  Inch  Bore,  feal’d  and  clos’d 
by  Fire  at  one  End,  and  at  the  other  fill’d  with  Quick-filver,  and 
then  being  ftop’d  with  one’s  Finger,  and  having  the  unfeal’d  End  oE 
it  thruft  down  under  the  Surface  of  other  Quick-filver  contain’d  in 
any  Vellel,  and  then  the  Finger  being  removed  from  the  Orifice, 
and  the  Tube  put  into  an  ereft  Pollute,  the  Mercury  will  defcend 
or  run  out,  till  it  remains  in  the  Tube  to  the  Height  of  between 
28  or  29  Inches  or  more,  leaving  at  the  Top  of  the  Tube  an  appa- 
rent empty  Space. 

I need  but  juft  add,  that  this  Quick-filver,  or  any  other  fpiri- 
tuous  Liquor,  thus  fufpended,  has  been  found  to  encreafe  or  leflen 
its  Height  in  the  Tube,  as  the  Weather  alters  for  dry  or  wet;  and 
by  this  Means  it  is,  that  the  Weight  of  Air  is  known. 

To  go  on  with  the  learned  Wallis  P.  744.  Fig.  321.  of  his  Me- 
chanicks,  having  fuck’d  out  the  Air  at  the  End  of  the  Siphon  E in 
C,  until  it  has  made  an  Equilibrium  or  equal  Poize,  by  the  Pref- 
fure  of  the  external  Air,  (as  has  been  already  noted)  fuppofe  to  the 
Height  C I,  which  admit  to  be  33  Foot  high  in  Water,  (and 
proportionably , according  to  the  fpecifick  Gravity  of  all  other 
Liquors  ) if  therefore  the  Top  of  the  Siphon  D be  not  higher 
than  I,  the  Fluid  will  rife  quite  up  to  the  Top,  and  having 
found  out  its  Pafiage,  will  delcend  and  flow  out  at  E ; and  will 
continue  always  fo  to  do,  by  repeating  the  fame  Methods. 

* Wallis  Cap.  14.  Prop.  11.  of  his  Hydroftaticks,  afterts,  Quod  fugam  illam  non 
infinitam  efle,  fed  intra  certos  limites  coerced ; aerifque  Equipondium  in  illius  loco 
fubftituendum,  &c. 

But, 
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But  by  the  fame  Rule  that  E is  lower  than  C (in  the  Superfi- 
cies A C B)  fo  are  C and  E comprefs’d  by  the  equal  Force  or  Pref- 
fure  of  the  Atmofphere,  if  the  Leg  D E be  of  leis  Height  than  the 
Leg  D C,  and  fo  the  Fluid,  which  is  in  the  firft  gravitating 
lefs,  than  that  which  is  in  the  laft;  the  Fluid  would  be  oarry’d 
by  a contrary  Courfe  from  E thro7  D,  even  unto  C,  (theAirluc- 
ceeding  in  E,  except  the  Largenefs  of  the  Siphon  is  fo  great,  that 
the  Air  might  afcend  by  the  Sides  of  the  Fluid,  whilft  it  was  flow- 
ing thro7  the  End  of  the  Siphon  D E,)  in  which  Cafe  the  Fluid 
might  part  in  D,  and  one  Part  afcend  by  DC,  and  the  other  byDE, 
the  Air  afcending  likewife  thro7  the  Sides  of  the  defcending  Fluid 
D E ; but  in  narrow  Siphons  the  Fluid  is  or  would  be  carry’d  back 
in  E thro7  E D C being  driven  by  the  urgent  impulfive  Air  in  E. 

But  if  D be  higher  than  I,  the  Fluid  will  be  again  forc’d  from 
C,  even  to  I,  but  no  farther,  nor  will  it  ever  reach  to  D ; and 
therefore  it  remains,  that  the  Suftion  ceafing,  it  continually  flows 
thro7  D towards  E ; but  fo  as  that  it  can’t  by  any  Means  be  drawn 
on  to  E;  for  when  the  Suftion  can’t  a£t  any  other  wife  than  by 
making  a Place  where  the  Fluid  may  be  receiv’d , it  is  not  pro- 
perly l'uppos’d  to  be  perform’d  by  Su&ion,  but  prefs’d  on  by  the 
Impulfe  of  exterior  Air;  but  fuppoflng  that  Room  be  made,  the 
the  exterior  Air  can’t,  neverthelefs,  drive  the  Fluid  any  higher  from 
D than  to  1,  and  the  Fluid  will  there  ftand  at  I;  neither  can  it  be 
carry’d  any  higher,  fo  as  that  it  may  pafs  thro’  D to  E,  according 
tq  the  Laws  and  Principles  of  Hydroftaticks. 

And  indeed,  if  the  whole  Siphon  E D C were  to  be  fill’d  by  the 
Fluid,  the  Orifices  being  open  in  both  of  them,  and  a Partition 
made  in  D,  that  which  is  in  the  Leg  D C would  be  deprefs’d,  fo 
as  not  to  rife  higher  than  I ; neither  can  the  Fluid  at  C be  rais’d  any 
higher  than  the  other  Parts  ABC,  and  that  which  is  in  the  Leg 
D E will  flow  out  thro’  E (Air  fucceeding  in  its  Place)  at  leaft, 
except  the  Leg  D E be  fo  ftraight,  as  that  the  afcending  Air  can’t 
pafs  by  the  defcending  Fluid,  in  which  Cafe  the  Fluid  fhall  defcend 
in  D E,  and  then  up  to  the  Height  I,  being  there  fufpended,  till  the 
Air  can  fenflbly  infinuate  it  lelf,  and  a Way  be  made,  by  which 
the  external  Air  fihall  (by  that  free  Entrance)  exercife  its  Force 
thro’  E,  and  deprefs  the  Remainder,  which  was  in  the  Leg  D E, 
even  to  C. 

And  here  indeed,  the  whole  Story  of  the  fo  long  difputed  Va- 
cuum and  Plenum  are  both  brought  out,  which  feems  to  be  no 
more  than  this,  that  Air  being  of  an  elaftick  Quality,  and  com- 
pos’d of  an  infinite  number  of  Corpufcules,  which  give  Way,  in 
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Cafe  they  be  comprefs’d  or  joftled  out  of  their  Places  by  any  o- 
ther  Body  harder  or  more  weighty  than  it  felf,  unbends,  loofes  and 
reftores  it  felf  again  to  its  firft  State  and  Pofition,  after  fuch  Weights 
or  Bodies  abfent  themfelves  again,  and  permit  it  fo  to  do-  ‘and 
that  this  Elafticity  is  a Quality  elfential  (at  leaft  in  the  Degree  Air 
is)  to  nothing  but  it  felt,  there  being  no  Fluid  that  participates  of 
it,  in  that  Degree,  but  fo  far  as  it  contains  any  of  its  Parti- 
cles in  the  Pores  thereof,  and  that  the  Fuga  vacui  is  no  other 
than  that  Elafticity  with  which  Air  is  endued,  which  eafily  fub- 
mits  to  be  fuck’d  or  drawn  up  to  give  Room  for  Water  which 
rifes  contrary  to  its  own  Nature,  to  the  Supply  of  the  fo  much 
dreaded  Vacuum , by  the  Laws  of  Hydroftaticks,  by  the  exterior 
Preflure  of  the  more  weighty  Body  of  the  Air  of  the  whole  At- 
mofphere,  combining,  as  it  were,  together;  and  that  there  is  never- 
thelefs,  not  a Recefs  in  Nature  where  Air  does  not  make  un  rn- 
wards  a Tlenum , tho’  not  a real  one.  ^ 

To  conclude,  as  I begun,  with  the  laborious  Bockler  (in  the 
Enquiry  I have  been  all  along  making  concerning  the  fo  much 
diiputed  Vacuum  &c.  I can’t  but  obferve  with  what  Patience  and 
Judgment  that  exquifite  Author  has  fum’d  up  the  Arguments 
which  have  been  deliver’d  Tro  and  Con,  by  the  Difputants  on 
either  Side,  without  fhewing  any  Partiality  or  vifible  Diflike  to 
either  ; yet  he  at  laft  appears  to  be  a Plenift,  and  when  he  is 
giving  the  Opinion  of  Hphrodifeus,  he  is  a little  warmer  and 
afferts  that  there  is  no  fuch  thing  as  a Vacuum , as  defcrib’d  bv 
the  Champions  for  it;  but  that  it  was  contrary  to  Nature  and 
that  if  fuch  a Notion  were  allow'd,  the  Heaven  and  Earth 
and  all  the  other  Elements  would  turn  to  Ruin  and  Heftruflion  * 
but  this  Miftake  of  his  was  certainly  owing  to  the  feint 
he  had  of  Solidity,  Extenfion  and  the  like,  of  which  fo  much  has 
been  faid  in  this  Chapter  that  I need  not  repeat  it,  S 
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CHAP.  XIV. 

Of  Air  and  its  Effefis  in  Hydroftaticks,  by  its  Gra- 
vity, &c. 

Shall  in  this  Chapter  omit  that  Enlargement  on  the 
Virtues  and  Effeas  of  Air,  (taken  in  a vegetative  Senle) 
as  fuch  a noble  Subjeft  requires,  becaufe  it  is  more  pro- 
periy  phyfical,  and  fo  not  altogether  relating  to  the 
Subieft  I am  upon ; however,  it  may  not  be  amifs  to  premife,  that 
it  is  this  which  falls  down  and  continually  hovers  on  Fruit-trees 
and  other  Vegetables,  where  by  the  phyfical  Operation  of  Natme  it 
felf  meeting  with  Dews,  and  other  liquid  Refrefliments,  it  caules 
Trees  and  Plants,  and  whatfoever  it  falls  on,  to  flourilh  and  grow. 
Nor  is  this  Union  and  Mixture  of  the  Superior  with  the  Inferior 
World  an  imaginary,  but  a real  and  effective  Truth ; 101  horn 
this  Marriage  (if  I may  fo  exprefs  it)  both  of  Heaven  and  Earth, 
is  produc’d  all  the  Race  of  Vegetables,  as  well  as  Animals;  tis  this 
which  cheri flies  old  Age,  and  is  the  Caufe  of  that  charming  Re- 
novation of  Youth*,  which  is  often  vifible  in  decaying  Plants, 
Trees  and  ’tis  this  which  caufes  the  Trees  to  leaf,  bud  and  fruit, 
and  to  dififufe  thofe  generous  Odours,  with  which  it  felf  is  again 
(bv  a due  and  regular  Circulation)  perfum’d. 

Neither  (hall  I detain  my  Reader  with  any  long  Account  of 
the  great  Controverfy,  which  has  happen’d  between  fome  modern 
Philofophers  concerning  Air;  as  whether  with  fome,  it  be  nothing 
elfe  but  thofe  Exhalations  which  are  drawn  up  out  of  the  Earth, 
and  fo  take  Air  and  the  Atmofphere  to  be  one  and  the  fame 
Thing;  whilft  others  fuppofe  (that  befides  thefe  Exhalations)  there 
is  hovering  about  the  Earth,  a certain  peculiar  fimple  Body,  which 

they  call  Air;  tho’  they  likewife  agree  that  thofe  Exhalations 
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may  be  chang’d  into  Air,  and  on  the  contrary  Air  may  be  chang’d 
into  Clouds  and  heavy  Vapours. 

u Arijlotle  and  his  Followers  (as  it  is  found  in  Varenius  Prop. 
“ 3\  Pag.  324.)  divide  thofe  Exhalations  into  two  Species  or 

Kinds,  (viz.)  Vapour  and  Smoak.  Vapours  (fay  they)  are  gene- 
u rated  oi  Water  and  eafily  returnf  thereto:  But  Smoak  is  generated  of 
“ things  which  are  dry ; lb  Sal  Armoniac  being  put  over  a Fire  goes 
a 9^  in  Smoak,  and  this  is  the  Caufe  why  different  Air  is  found 
“ in  different  Countries;  alfo  why  it  rains  in  one  Place  and  not 
c'  in  another.”  (Viz.)  to  the  Siccity  that  is  in  the  fubjacent  Bo- 
dy and  Bowels  of  the  Earth,  from  which  that  Fume  is  fuppos’d 
to  arile. 

And  this  Definition  of  the  Air  into  two  Parts  does  not,  I mull 
confefs,  feem  any  Way  difagreeable  to  Reafon,  and  the  fmall  Ob- 
fervation  I have  made  of  things,  tho*  of  what  Figure  thole  two 
Parts  are  compos’d,  we  are  not  well  inform’d,  by  thefe  or  any 
Authors  that  are  common  amongft  us. 

That  Air  is  of  two  Kinds,  I guefs  from  thofe  drying  Winds 
which  are  fo.  prejudicial  to  all  new  planted  Trees  in  Marche 
when  the  Siccity  or  Drynefs  of  it,  is  fo  predominant,  as  to  deftroy 
all  the  milky  Fibres  of  a Tree,  and  whatfoever  elfe  it  meets  with 
that  is.  young  and  tender  ; from  which  I fay,  I am  convinc’d 
that  Air  and  Vapour  are  two  things;  the  firft  I take  to  be  of  the 
Figuie  of  little.  Fleeces  of  Wool,  which  are  always  fluctuating 
up  and  down,  in  this  otherwife  Inane  or  empty  Space,  which  Air 
is  either  more  or  lefs  lubtle  or  denfe,  according  as  the  Nature  of 
Heat  and  Cold  is  moie  or  lefs,  or  that  the  Weather  is  in  an  inter- 
mediate State  betwixt  both. 

Thus  in  the  greateft  Colds  of  Winter  the  Air  is  fubtle  and 
ferene,  whilft  a more  moderate  Cold  contracts  and  makes  it  more 
heavy  and  denfe:  Now  it  is  the  Denfity  of  the  Air  below,  which 
raifes  up  and  fufpends  the  Vapours  above  it ; namely,  till  they  let- 
tle  in  . thoie . B.egions  which  are  fpecifically  equal  to  them- 
leives  in  Weight,  and  this  feems  to  be  one  Reafon  why  (in  high 
cutting  cold  Winds)  the  Air  is  fometimes  dryer,  than  it  is  at 
others.  And  a fecond  Reafon  may  be,  that  as  the  Denfity  of  the  Air 
impends  thofe  Particles  of  Vapour  (which  is  lighter  than  itfelf  a- 
bove)  ib  it  depreifes  all  thofe  which  are  below  from  rifing;  fince  it 
is  demonflrated  from  the  honourable  Mr.  Boyle  in  Paradox  or  Pro- 
pofition  viii.  Chap.  12.  of  this  Treatife  ; that  Water  (and  I may 
add  any  other  Fluid)  may  be  made  to  deprefs  a Body  lighter  than 
itfelf  as  well  as  buoy  it  up. 
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But  whatever  that  be,  it  is  as  Rohault  Part"  5.  Chap.  2.  of  his 
Phyficks  (as  turn'd  into  Latin  by  the  Rev-  Dr.  Clarke ) has  fet 
down,  that  liquid  tranfparent  Matter  which  fpreads  itfelfupon 
this  Globe  of  Earth  and  Water  whereon  we  live,  and  that  it  muft 
of  Neceflity  be  compounded  of  an  innumerable  Quantity  of  Par- 
ticles of  no  certain  Shape  or  Figure,  fpreading  irregularly  like  the. 
Boughs  of  a Tree  ; and  that  the  Lightnefs  of  thofe  Particles  is 
fuch,  that  they  are  continually  in  Agitation,  and  tho’  their  Figure 
feems  to  be  fuch  and  fo  difpos'd,  that  as  often  as  they  meet  in 
Conta£l  they  might  be  join'd  one  to  another  ; yet  becaufe  of  its 
Tenuity  or  Thinnefs,  or  from  thofe  other  Particles  of  Matter 
which  are  continually  prefling  upon  them,  from  the  upper  Regions, 
they  are  with  the  greateft  Eafe  unbent  and  unfolded. 

But  becaufe  this  Account  ofRohault's^tho*  finely  drawn)  feems  to 
be  rather  phyficalthan  any  Way  mathematical ; I flnall  lubftitute  an 
Account  of  my  own  in  the  Place  of  it. 

I imagine  then  that  Air  is  compos'd  of  an  infinite  Number  of 
corpufcular  Atoms  or  rather  fine  tranfparent  Threads  or  Fibres, 
(as  before  obferv’d)  like  the  fmall  Filaments  or  Threads  of  Wool, 
Cotton,  or  any  other  hairy  or  tomentous  Subftance,  or  perhaps 
rather  like  thofe  of  Down,  which  grow  on  the  Heads  oi  many_ 
Garden  Seeds,  or  the  fine  Icicles  of  a hoary  Froft,  the  Shape  of 
which  is  by  iome  compar’d  to  the  fmall  irregular  Branches  of  a 
Tree  containing  in  their  Interfpaces  the  Place  where  this  V aciinm 
diffeminatum  (if  I may  fo  exprefs  it)  refides. 

'That  thefe  Particles  of  Air  confider’d  by  themfelves  have  no 
centrifugal  Force,  nor  do  they  cohere  to  one  another  is  evident 
by  that  eafy  Tranfition  that  is  made  by  the  Impetus  of  any  ftronger 
Body  through  them;  fortho’by  their  Figure  they  may  leem  well 
difpos’d  for  fuch  an  Union ; yet  this  never  is  efle&ed  on  Account 
of  the  Thinnefs  of  that  divided  Matter  of  which  they  are  com- 
pos'd, the  Branches  alfo  being  fo  fhort  and  thin,  that  they  can't 
well  be  knit  together  ; that  this  Air  is  always  liquid  _ and  ne- 
ver grows  hard  as  congeal’d  Water  does;  that  it  is  light  is  becaufe 
there  is  a great  Rarela&ion  in  it,  and  that  it  is  tranfparent  muft 
of  Neceflity  be,  that  thofe  Rays  of  Light  which  proceed  from  the 
Sun  may  have  their  free  Paflage,all  which  are  amongft  the  Suppohti- 

ons  of  all  who  have  wrote  oi  Air.  .... 

But  of  whatever  Parts  or  Particles  of  Matter  Air  is,  it  is 
when  compos’d  and  taken  together  call’d  the  Atmoipheie,.  an  Ap- 
pellation  well  known  and  often  made  ufe  of  in  hydroftatical  Ex- 
r periments, 
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periments,  and  is  no  other  as  * Varenius  has  it,  than  the  Texture 
or  weaving  of  an  infinite  Number  of  Corpufcules  which  adhere  to, 
01  I may  add  rather,  hover  about  the  Earth  as  the  Down  does  on 
the  Coat  of  a Quince.  Gravefande  in  Book  2.  Part  3.  Chap.  12. 
of  his  mathematical  Elements  ot  natural  Philofophy  tells  us,  that 
tho  Air  is  corporeal  and  heavy,  yet  (agreeable  to  what  is  before 
fet  down  on  this  Head)  its  Parts  yield  to  any  imprefs’d  Force, 
and  are  very  eafily  mov’d  one  againft  another ; that  it  prefies  in 
Proportion  to  its  Height,  and  that  that  Preifure  is  every  where 
equal  ; it  is  plain  therefore  that  it  ought  to  be  reckon’d  amongft 
the  Fluids  and  admits  of  the  following  Definitions. 

DEFINITION  I. 


All  that  Air  with  which  the  Earth  is  encompafs’d,  confider’d 
together,  is  call  d the  Atmofphere  of  the  Earth,  or  fimply  the 
Atmofphere  only. 

DEFINITION.  II. 


The  Height  of  the  Air  above  the  Earth  is  call’d  the  Height 
of  the  Atmofphere. 

That  Air  is  a Body  appears  from  its  Exclufion  or  rather  re- 
fitting all  other  Bodies,  from  the  Place  where  it  is  in  its  com- 
preis’d  or  contracted  State;  for  tho’  it  will  fuffer  itlelf  to  be  com- 
prefs’d,  yet  you  can’t  with  any  Force,  force  it  from  any  inclu- 
ded Place,  except  you  break  the  Veflel,  as  is  feen  in  the  Pifton 
of  a Syringe  &c. 

That  it  is  heavy  is  prov’d  by  its  prefling  upon  the  Surfaces 
of  other  Fluids,  and  the  luftaining  them  in  Tubes,  that  it  yields 
to  any  Impreflion  and  has  its  Parts  eafily  mov’d,  is  alfo  plain. 

O f this  Atmofphere  (or  the  Air  in  it)  it  is  generally  fuppos’d 
that  the  lupieme  Paits  are  rnore  fubtle  than  the  inferior  but  it 
often  happens,  that  the  middle  Parts  are  more  denfe  than  thofe 
which  are  lo weft  and  neareft  the  Earth.  Firft,  becaufe  the  lighter 
Particles  Seeking  the  higher  Place,  they  are  therefore  the  more 
iubtle  and  light.  Secondly  becaufe  thole  Parts  or  Particles  eafily 
get  together,  in  the  middle  of  the  Air,  and  fo  become  thick  and 
heavy,  especially  when  the  warm  Particles  of  Air  which  are  car- 


Itaque  Atmofphajra  & Aer  nihil  aliud  eft  quam  textura  multorum  Corpufcu- 
lorum,  qua  Tcliuii  adhteret ; licut  Lanugo  Pomum  Cotoneum  circumveftit.  vid 
Varen'  GeooraPh-  general.  Sec.  5.  lJr0p.  3.  Pag.  3;4.  of  the  Elziver  Edition. 
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ried  up  along  with  them  leave  or  defert  them,  and  the  Rays 
which  are  refracted  from  the  Earth  in  that  middle  Region,  have 
no  Force  becaufe  of  this  Diftance  ; and  from  this  it  conies  to  pais, 
that  after  Rains  the  middle  Air  (which  as  has  been  before  ob- 
ferv’d,  is  of  the  fame  fpecifick  Gravity  of  Vapour)  is  more  ferene 
(to  wit)  becaufe  the  thick  and  heavy  Parts  are  leparated  from  it. 

I t has  been  a Queftion  held  in  Debate  amongft  the  Philofo- 
phers,  whether  the  Atmofphere  or  Altitude  of  the  Air  above 
the  Earth j be  one  and  the  fame  in  all  T laces j and  whe- 
ther its  Figure  be  fpherical  or  not  ? That  it  fhould  not  be  the 
fame,  but  that  there  fhould  be  different  Altitudes  in  different  Pla- 
ces, feems  to  follow  from  this,  that  the  Sun  is  only  vertical  in 
one  Place  and  at  one  Time,  and  that  it  fhines  obliquely,  and 
therefore  but  faintly  in  other  Places  which  are  nearer  its  Bodjq 
and  the  polar  Influences;  and  therefore  che  Power  of  the  Suns 
Rays  in  the  Elevation  of  Vapours  is  different,  and  confequently 
the'  Vapours  themfelves  are  lifted  to  different  Heights  ; to  wit, 
in  Places  to  which  the  Sun  is  vertical,  there  fhould.  be  the 
greatefl:  Height,  in  the  oppofite  Pofition  the  leaft,  and  in  Places 
about  the  Pole  they  fhould  be  midling,  even  fo  as  that  the  Figure 
of  the  Atmofphere  fhould  be  ovular  ; and  fo  does  Cartes  Lib. 
xiv.  by  a peculiar  Method  endeavour  to  explain. 

But  how  fpecious  foever  at  fir  ft  Sight  this  appears  to  be,  it  is 
contrary  to  Truth  (to  wit)  that  Truth  that  the  Altitude  of  the 
Atmofphere  is  the  fame  in  all  Places  ■>  and  that  not  only  in  all 
P laces } but  alfo  at  every  Seafon  of  the  Tear ; in  the  Summer  as 
well  as  the  Winter  it  remains  conftantly  the  fame,  as  whoever 
will  take  the  Pains  may  find  clearly  prov’d  by  Varenius  in  the 
5th  Section  of  his  Geograph,  general.  Prop,  xiv,  xv,  xvi.  where 
it  is  demonstrated  that  what  Archimedes  has  faid  of  Water  is 
alfo  applicable  to  Air;  for  that  that  Part  of  Air  which  is  lefs 
prefs’d  is  expell’d  by  that  which  is  more;  every  Part  therefore 
of  Air  is  prefs’d  upon  by  the  Air  which  is  above  it,  which  is 
the  Caufe  why  the  Figure  of  the  Atmofphere  is  fpherical  and  not 
ovular  ; neither  does;  the  Condenfation  or  Rarefaction  of  Air 
change  its  Altitude,  becaufe  his  not  the  whole  Atmofphere  which 
is  condens’d  or  rarified  at  once,  but  fome  Part  only,  fometimes 
this,  fometimes  that,  and  fometimes  the  other.  The  omy  diffe- 
rence feems  to  be  this,  that  this  Condenfation  may  be  greater  at 
one  Time  than  another,  but  this  Difference  can  encreafe  its  Al- 
titude but  little. 
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And  as  to  its  being  higher  in  the  Summer  than  the  Winter 
in  this  Country  (becaufe  our  Air  thereby  is  attenuated  and 
made  lighter  in  one  Seafon  than  in  the  other)  there  is  nothing 
in  it  ; becaufe  tho’  it  be  Winter  here,  it  is  Summer  in  other  Pla- 
ces, 011  which  Account  it  is,  that  Part  of  our  Air  is  mov’d  towards 
the  Air  of  other  Places,  where  the  Air  is  not  fo  high  ; and  on 
the  contrary  whilft  the  Air  of  our  Country  is  deprefs’d  by  the 
Cold  of  our  Winter,  Part  of  it  moves  to  thofe  Places  where  it 
is  then  Summer;  (to  wit)  until  the  whole  Air  is  equidiftant  from 
the  Center  of  the  Earth. 

The  fame  Pveafon  prevails  by  Day  and  Night,  for  whilft  the 
Air  is  contracted  with  us  in  the  Night,  it  is  ratified  more  in  ano- 
ther Place,  and  fo  the  Air  of  our  Country  is  mov’d  again  till  it 
is  again  brought  to  a fpherical  Figure  ; all  which  by  the  by  mult 
be  the  Occafion  of  the  Fluctuation  and  Reftlefsnefs  which  is  in 
Air,  ordain’d  as  it  is  by  that  great  Author  and  Architect  of  all 
Beings,  whofe  Works  are  Wonderful. 

The  fame  Reafon  alfo  takes  Place  in  Clouds  and  Rains  or  Vapours, 
which  are  made  in  this  or  any  other  Country  ; for  by  thefeit  may  be 
feen  that  the  Altitude  of  the  Air  ought  to  be  more  or  lets  deprefs’d  ; 
but  that  I anfwer,  that  there  is  no  Time  but  when  it  rains  in  one 
Place  or  another,  and  becaufe  it  does  rain  in  any  one  Place,  the  Air 
is  never  the  lefs  lightened  thereby,  as  it  was  not  when  it  rain’d  in  fome 
other  Place,  diftant  from  it  before;  and  fo  the  Reafon  is  the  fame, 
and  the  Quantity  of  Air  not  encreas’d  or  diminifh’cl. 

There  have  been  ft  fome  who  have  been  fo  curious  as  to  en- 
quire into  the  exact  Altitude  of  the  Atmofphere,  as  whether  it 
be  5,  10,  20,  o^  go  Miles  more  or  lefs,  all  which  is  according 
to  the  Denfity  of  the  Air  in  the  different  Regions  of  it,  which 
V arenius  Lib.  i . Prop,  xviii.  tells  us  is  of  three  different  Kinds, 
the  middle  is  colder  than  the  firft  and  third,  but  that  third  is 
chiefly  compos’d  of  the  moft  fubtle  Air  of  all.,  and  fo  is  confe- 
quently  very  light  and  thin.  It  has  been  intimated  before,  that 
if  the  Air  was  equally  denfe,  a Column  of  it  taking  up  800 
Times  the  Space  as  Water  does,  w'ould  reach  above  four  Miles 
high,  but  as  it  is  fo  very  thin  in  the  upper  P>.egion  it  is  difficult 
to  tell  how  high  the  Atmofphere  is  extended,  perhaps  ro,  20,  30, 
or  40  Miles,  fince  Air  without  the  extraordinary  Help  of  Heat 
may  be  extended  as  14  to  1. 

But  to  come  nearer  the  Point  in  Hand,  the  Effects  that  fuch 
Mutations  of  Air  and  Weather  (as  has  been  before  mention’d) 
f Monfieur  Cuban  fays  that  the  Atmofphere  is  37000  Foot  high, 
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has  on  all  hydroftatick  Calculations,  efpecially  that  of  the  Barome- 
ter, Themometer,  Sfr.  are  very  extraordinary,  fuch  I mean  as  are 
or  have  not  been  accounted  for. 

For  by  the  laft  Inftrument,  to  wit  the  Thermometer,  is  plainly 
fhevvn  (as  Varenius  Prop.  8.  Pag.  328.  praditt. . fets  down)  that 
it  is  by  the  Heat  or  Temperature  of  the  Air  in.  hot  and  cold 
Weather,  that  we  take  our  Meafures  from,  in  which  we  fee  that 
the  heavier  Air  becomes,  t lie  lefs  Room  Watertakes  up  in  the  Glafs, 
as  alfo  by  how  much  the  hotter  Air  is,  the  more  Room  it  iequiies  ; 
the  true  Reafon  of  the  different  Gravity  of  Air  and  its  Effe&s 
in  the  Barometer  Dr.  'Defaguiliers  ( in  his  Note_s  on  Oza- 
nam\  Hydroftaticks  and  in  other  Places)  gives  in  thefe,  or  Words 

to  this  Purpole.  , , r , . 

“ That  the  Vapours  do  not  (as  is  or  has  been  luppos  d)  in- 
« create  the  Gravity  of  the  Air,  feems  more  than. probable  on  this 
« Account;  namely,  that  when  the  Vapours  are  in  the  lower  Re- 
-«  Pion  of  the  Air,  as  in  rainy  Weather,,  then  the  Air  is  lighted;, 
“ as  appears  by  the  falling  of  the  Spirits  in  the  Barometer  &c. 
“ And  when  the  Vapours  are  in  the  middle  Region  of  the  Air, 
“ that  is,  when  the  Clouds  are  high,  they  don’t  encreafe.  the 
u Preflu  re  of  the  Air  ; for  altho’  the  Air  be  heavier  then,  it  is 
“ not  becaufe  the  Clouds  are  high ; but  the  Clouds  are  high,  becaufe 
« tpe  Air  on  which  they  are  fulpended  is  heavy  ; for  when  the 
u near  the  Earth  is  more  denfe  than  ufual,  then  it  becomes  hea- 
ts vier  than  the  Vapours  which  muff  then.afcend,  and  at  laft  fet- 
'W  tie  in  the  Regions  of  the  Air,  which  is  of  the  fame  Gravity 

“ with  themfelves.  , , ^ r c.  . . , 

u I f the  Vapours  were  the  Caufe  of  the  Encreale  of  the  A11  s 

« Gravity,  there  muft  be  as  many  Vapours  in  the  Air  at  a Time, 
a as  are  equal  in  Weight  to  three  Inches  of  Mercury  ; for  fo 
u much  we  find  the  Mercury  rifes  or  falls  in  the  W eat  he  1 -glafs. 
» Now  Mercury  is  about  fourteen  Times  heavier  than  Water, 
a ancl  confequently  there  muft  be  in  the  Air  at  once  as  many  \ a- 
“ uours,  as  are  equal  to  a Column  of  Water  of  42  Inches,  and 
« whofe  Bafe  is  equal  to  the  Surface  of  the  Earth  ; and.  he  con- 
a dudes  that  the  Reafon  why  Air  is  heavier  at  one  lime,  than 
« another,  arifes  more  probably  from  there  being  more  Air  on 
« that  Part  of  the  earthy  Surface  when  the  Air  grows  heavier, 
« aI1d  this  proceeds  from  Winds  ; for  Example,  it  the  Wind  (which 
“ as  the  Do&or  fays)  is  nothing  elfe  but  a Stream  of  Air,  mould 
“ blow  on  any  Place,  and  the  Air  thus  rnov  d fhould  be  pent  m 
a that  Place  by  Mountains  or  Hills:  Or  if  two  contrary  Winds 
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« fliouW  blow  on  the  fame  Place,  in  either  Cafe  the  Air  will 
(l  ^e.  heap’d  up  in  the  Middle;  and  confequently  there  being  more 
((  Air  «s  Gravity  will  encreafe  ; but  if  the  aforefaid  Circumftan- 
((  ctes  °r  the  like  don’t  happen  in  any  particular  Country,  then 
the  Air  which  is  over  it  will  grow  lefs  in  Quantity  and  confe- 
quently  lighter.  Whence  it  is  plain,  that  Winds  are  the  only 
Caufes  of  the  Variation  of  the  Air’s  Gravity.  1 

From  this  general  Account  of  Air  I proceed  to  feveral  things 
which  are  more  particular. 

Firjl,  that  the  Superficies  of  all  Fluids  are  prefs’d  by  Air,  and 
in  this  confifts  its  Gravity  (the  Subjeft  of  the  prefent  Chapter). 
And  this  among  other  Experiments,  which  are  and  will  be 
produc’d,  is  found  out  by  the  Air-pump;  for  if  you  lay  your  Hand 
on  the  Mouth  of  a imall  Receiver,  and  by  the  Pump  draw  out 
the  Air,,  your  Hand  will  fwell  in  the  Receiver,  and  after  a 
few  Suffions  the  Air  will  prefs  upon  your  Hand  fo  that  you  can- 
not raite  it. 

Secondly , If  you  take  a drinking  Glafs  and  turn  it  down  into 
Water,  the  Air  being  turn’d  out  or  ratified  by  burning  of 
Paper  &c.  If  the  Glafs  be  rais’d  perpendicular  on  its  Mouth  and 
put  into  a Bafon  or  Bowl  of  Water,  the  Water  within  the  Glafs 
will  afcend  higher  than  the  ftagnant  Water  which  is  in  the  Bafon 
without,  provided  the  Glafs  be  longer  or  above  that  ftagnant 
Water.  b 

Upon  tliefe  Principles  diving  Bells  are  alfo  made,  By  which ; 
Seamen  defcend  into  the  Sea  and  fifh  up  Gold  and  other  Goods 
loft  in  a Wreck  ; for  in  that  you  may  breath  freely  under  Water 
yet  the  farther  the  Bell  finks  the  more  the  Air  will  be  comprefs’d! 
When  it  is  about  33  Foot  under  Water,  the  Air  will  be  com- 
pi  efs  d to  hah  the  Space  in  which  it  was  before;  which  often 
breaks  the  Blood-veffeis  of  thofe  which  are  therein,  and  makes 
them  bleed  at  Mouth,  Nofe  and  Eyes. 

Thirdly 3 If  you  tie  a Bladder  to  the  Mouth  of  a Receiver 
and  ext  raff  the  Air ; then  the  internal  Air  will  deprefs  the  Blad- 
der fo  much,  that  Man’s  Strength  will  not  be  able  to  fuftain  it. 

Fourthly J Invert  a Receiver,  and  tie  a Weight  to  the  Neck  of 
a Bladder  over  the  Mouth  of  the  Receiver,  and  hanging  on  the 
Outfide  of  it;  having  driven  the  Air  out  of  the  Receiver,  the 
outward  Air  will  fo  prefs  on  the  Bladder,  as  to  thruft  it  up  into 
the  Receiver,  and  raile  the  Weight. 

Fifthly,  Take  a Piece  of  Glafs,  and  put  it  on  the  Mouth  of  a , 
Receiver,  having  drawn  out  the  Air,  and  the  Weight  of  the  in- 
cumbent 
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cumbent  Air  will  break  the  Glafs;  by  which  it  appears  that  Air 
prefles  every  Way  ; and  which  is  alfo  prov’d  by  the  ftrong  Co- 
h teflon  there  is  of  two  flat  Pieces  of  Glafs  or  Marble  exactly  po- 
lifh’d  and  ground  together  ; as  alfo  bv  a glafs  Recipient’s  flicking 
fo  clofe  to  the  Plate  after  the  ExfuCtion  of  the  Air,  that  it  re- 
quires a conflderable  Weight  to  repulfe  it  away. 

Sixthly , In  the  Torricellian  Experiments,  if  the  Tube  with 
the  Mercury  be  put  into  a long  Receiver,  the  Mercury  will 
fall  down  at  the  Exfutlion  of  the  Air,  and  if  in  the  Tube  there 
be  left  a fmall  Bubble  of  Air,  that  Rubble  will  expand  itfelf  and 
fill  the  whole  Capacity  of  the  Tube,  even  fo  as  to  deprefs  the 
Surface  of  the  Water,  under  the  Surface  of  the  ftagnant  Water, 
and  a flavid  or  yellow  Bladder,  after  the  Preflure  of  the  external 
Air  is  taken  off,  dilates  itfelf  as  far  as  it  can. 

Seventhly The  Expanfion  of  the  Air  in  a Bladder,  will  raife  a 
Weight  after  the  external  Air  is  taken  away  ; and  a Bladder  in 
which  Weights  are  put  to  fink  it  under  Water,  will  rife  with 
its  Weight  after  the  Extraction  of  the  external  Air;  alfo  a Piece 
of  Cork  to  which  is  tyed  juft  fo  much  Weight  as  to  make  it 
fink  all  under  Water,  except  the  Surface  of  it,  after  the  Air  is 
extrafted  will  rife  higher,  but  when  you  let  in  the  Air  again  it 
will  immediately  fink  towards  the  Bottom. 

Eighthly j A glafs  Bubble  in  which  is  left  juft  fo  much  Water 
as  will  fink  it,  after  the  Extraction  of  the  external  Air  will  rife  ; 
and  if  you  draw  out  the  Air  from  a lquare  Bottle,  the  Weight 
of  the  incumbent  Air  will  break  it  to  Pieces;  alfo  if  you  put  fucli 
a Bottle  fo  clofely  ftopt,  that  none  of  the  Air  can  get  out  of  it 
into  the  Receiver;  after  you  have  drawn  out  the  external  Air, 
that  which  is  in  the  Bottle  will  fo  dilate  itfelf  as  to  break  the 
Bottle. 

Ninthly If  you  take  a glafs  Bottle  half  full  of  Water,  having 
a glafs  Tube  cemented  in  the  Neck  of  it,  one  End  of  which  is 
below  the  Surface  of  the  Water,  and  the  other  being  above  the 
Top  of  the  Bottle,  has  a brafs  Top  with  fmall  Holes  in  it,  if 
you  put  this  into  the  Receiver  and  pump  out  the  Air,  the  Air 
in  the  Bottle  will  dilate  itfelf  fo,  as  to  prefs  on  the  Surface  of 
the  Water,  and  raife  it  up  in  Spouts  through  the  Holes  of  the  Tube 
like  a Fountain. 

Tenthly j I fhall  only  add  two  other  Obfervations  of  Dr.  T)e- 
fagniliers  (and  others  who  have  expatiated  on  Air)  which  relate 
to  Sound,  by  which  the  wonderful  Properties  of  it  are  plainly 
dilcover’d. 
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If  you  put  any  Animal  into  the  Receiver,  and  pump  out  the 
Air,  the  Animal,  let  it  be  a Toad,  a Moufe,  Dog,  Cat,  or 
whatever  elfe  will  go  thereinto,  it  will  by  Degrees  languifh 
and  in  a little  Time  die ; and  if  you  put  therein  a Bell  fo  rais’d 
on  a.  wooden  Frame,  that  it  may  have  Room  to  move  into  the 
Receiver,  and  pump  the  Air  out;  then  if  you  fhake  the  Pump  fo 
as  to  move  the  Bell,  you  will  hear  very  little  Sound  from  it. 

I n the  Paragraphs  beforegoing  are  abftrafted  the  wonderful 
Effefts  of  Air  as  they  difcover’d  by  the  Pump,  the  following  are 
very  plain  and  common  Experiments,  proving  the  Gravity  of  the 
Air  deduc’d  from  the  learned  Gravefknde , Book  2.  Part  3.  Chap.  xii. 

Experiment  i .(Fig  1.  Tabula  feq.)  Take  a glafs  Tube  A B, 
about  three  Foot  long,  and  about  £ of  an  Inch  Bore ; if  you 
flop  up  the  End  A,  and  let  the  Tube  be  fill’d  with  Mercury, 
and  let  the  other  End  be  immers’d  in  a Velfel  full  of  Mercury, 
the  Mercury  will  be  fuftain’d  at  the  Height  of  about  29  Inches 
Englijh , or,  as  French  Writers  fay,  about  2 6 or  27  in  Fans  Mea- 
lure;  for  the  French  Foot  exceeds  ours.  This  Rile  is  occafion’d 
by  the  PrelTure  ol  the  Air  on  the  Surface  of  the  Mercury  in 
the  Velfel,  which  cannot  prefs  equally  in  every  Part  of  it,  unlefs 
in  the  Tube  where  no  Air  is,  there  be  a Column  of  Mercury 
which  preffes  equally  with  outward  Air. 

Experiment  2-  ( Fig . 1.  Tab.  feq.J  That  this  PrelTure  may  not  be 
chang’d  when  the  Tube  is  inclin’d,  it  is  requir’d  that  the  Mer- 
cury fhould  keep  the  fame  perpendicular  Height.  If  therefore 
there  be  two  Velfels  containing  Mercury,  in  which  Tubes  in  the 
Manner  abovemention’d  are  immers’d,  of  which  E D is  inclin’d 
to  the  Horizon,  the  Mercury  is  fuftain’d  at  the  Heights  h /and 
* gj  To  that  f and  g are  in  the  lame  horizontal  Lines ; fuppofing 
the  Surfaces  of  the  Mercury  in  the  Velfels  to  lie  in  the  fame 
Plane. 

Experiment  3.  (Fig.  2.  Tab.  feq.)  The  fame  PrelTure  of  Air  fuf- 
tains  the  Water  in  the  glafs  V.  which  is  immerg’d  in  Water 
and  fill’d  with  it,  and  then  is  pull’d  out  all  but  the  Orifice  which 
ftill  remains  immers’d.  And  in  the  fame  Manner  Water  will  be 
fuftain’d,  even  to  the  Height  of  32  or  33  Foot;  for  Mercury  or 
Quickfilver  being  14  Times  heavier  than  Water,  a Pillar  of  Wa- 
ter a little  more  than  32  Foot  high  prelfes  equally  with  a Co- 
lumn of  Mercury  29  Inches  high,  which  PrelTure  is  equal  to  the 
PrelTure  of  the-  Atmofphere. 

T o determine  then  the  Height  of  this  Atmofphere,  or,  in  other 
Words,  to  know  how  high  a Column  of  Air  mull  be  that  is  equal  to  28 
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or  29  Inches  of  Mercury,  or  32  or  33  Foot  of  Water;  we  mu  ft 
fuppofe  as  it  is  indeed  found  by  Experiments,  that  Air  is  to  Wa- 
ter as  800  to  x : Suppofing  then  that  the  Denfity  of  the  Air  was 
equally  the  fame  from  the  Top  to  the  Bottom  of  the  faid  fup- 
pofed  Pillar,  then  the  Height  of  the  Atmofphere  would  be  25600 
Foot;  but  as  the  higher  or  upper  Part  of  the  Air  is  fuppos’d  to 
be  lighter,  or  in  other  Words  more  rarified,  than  the  lower  Air 
is  which  is  thicker  and  denier, and  as  ordinary  rarified  Air  to  com- 
mon Air  is,  by  Marriott. e , faid  to  be  as  16  to  4,  the  Height  of 
the  Atmofphere,  if  you  add  them  together  and  take  the  Medium, 
mull:  be  256000  which  is  about  4 Miles  4 ; ff  tho’  Monfieur 
Gobart  fays,  it  is  37000  Foot  high,  which  is  above  7 Miles.. 

But  whatever  it  be,  it  is  on  this  Calculation  of  the  Air’s 
Preffure  that  depends  all  the  Rules  for  raifing  Water  by  Pumps 
or  other  Engines,  and  that  that  which  was  heretofore  call’d  by 
the  hard  Names  of  Attraction,  Fuga  Vacuij,  and  other  Appella- 
tions, is  really  no  other  than  Pulfion  or  the  exterior  Preffure 
of  Air.  . 

T o proceed,  the  Frejjure  of  the  Air  defends  upon  its  Height , 
as  may  be  eafily  deduc’d  from  what  has  been  faid ; but  it  is  more 
immediately  prov’d  by  carrying  the  Tube  with  the  Mercury  be- 
foremention’d  to  any  high  Place  ; for  when  you  carry  this  Ma- 
chine up  a Hill,  for  every  100  Foot  you  rife  (as  fays  Grave- 
fande')  perpendicularly,  the  Mercury  defcends  a Quarter  of  an 
Inch:  And  Marriotte  in  his  Difiourfe,  on  the  Equilibrium  of  Fluids, 
fays,  that  if  you  carry  a Barometer  up  to  the  Top  of  a Moun- 
tain or  a very  high  Tower  (how  high  he  does  not  fay)  the  Mer- 
cury will  fall  by  little  and  little,  till  it  comes  to  24  or  25  Inches; 
and  if  you  go  down  into  a Cave  or  Mine,  it  rifes  by  little  and 
little  according  as  you  defcend,  being  fucceflively  prefs’d  by ' a 
greater  Quantity  of  Air. 

That  Air  preffes  equally  every  Way}  appears  from  this,  that 
this  Preffure  is  fuftain’d  by  foft  Bodies,  without  any  Change  of 
Figure,  and  by  brittle  Bodies  without  breaking  ; tho’  this  Pret- 
fure  be  equal  to  the  Preffure  of  a Pillar  of  Mercury  of  29  Inches, 
or  a Pillar  of  Water  of  32  Foot;  any  Body  may  fee  that  no- 
thing can  preferve  thofe  Bodies  unchang’d,  for  the  Preffure  on  all 
Parts  is  equal;  but  it  is  plain  that  the  Air  does  prefs  in  that 
Manner ; for  if  you  take  away  the  Air  on  one  Side,  the  Preffure 

| Columna  Acris  perpendicularis  extenditnr  ad  Altitudinem  37000  Pedum,  col- 
lateral's extenditur  ultra  10000.  vid.  Paragraph.  ».  Pag.  7 6.  P hilofoph.  'Trait,  de 
Barometro. 
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is  fenfible  on  that  which  is  oppofite  to  it,  as  has  been  demonftrated 
undei  the  Head  of  Hydroftaticks,  but  is  made  more  plain  in 
this  Place. 

T o go  on  to  the  laft  Experiment  (Fig.  3.  Tab.  feq.}  Hang  a cftafs 
Tube  to  one  of  the  Scales  of  a Ballance  A B,  which  is  fhut  at  D “and 
three  Foot  long;  fill  this  Tube  with  Mercury,  and  let  the  End  E be 
immers'd  in  the  Mercury  that  is  contain’d  in  the  Veflel  V • the 
Mercury  by  the  Air’s  Preffure  is  fuftain’d  at  the  Height  V in 
the  Tube,  and  the  upper  Part  of  the  Tube  F D is  left  void 
of  Air  to  make  an  Equilibrium : You  muft  put  into  the  oppofite 
Scale  a Weight  equai  to  the  Tube  and  the  Mercury  contain’d 
in  it  ; the  Mercury  in  the  Tube  cannot  prefs  the  Ballance  for 
its  Aftion  againft  the  Sides  of  the  Tube  is  horizontal  • but  the  Air 
afts  upon  the  upper  Part  of  the  Tube,  and  the  Column  that  is 
fuftain’d  by  the  Tube  is  equiponderate  with  the  Mercury  that 
is  contain’d  in  the  Tube:  If  letting  the  Mercury  run  out  you 
fuifcL  the  Air  to  come  in,  then  nothing  but  the  Tube  weighs 
down  the  Scale  ; which  proves  that  the  A&ion  againft  the  in- 
ferior Surface  of  the  upper  Part  of  the  Tube  deftroys  the  ATion 
on  the  exterior  Surface,  and  that  the  Air  prefles  upwards  and 
downwards  with  the  fame  Force  ; and  by  this  Experiment  alfo  is 
confirm  d what  has  been  faid  of  the  Air’s  Gravity  ; and  thus  far 
by  ordinary  and  common  Experiments  in  glafs  Tubes,  from 
whence  alio  are  calculated  feveral  Inftruments  whereby  the  Gravity 
of  the  Air  is  fo  fenfibly  diftinguifti’d,  as  that  it  foretells  Change 
of  Weather  and  the  like,  to  which  Ufe  the  Torricellian  Experi- 
ment is  chiefly  apply ’d.  But  this  I fhall  referve  for  the  next 
Chapter. 
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BOOK.  II 

CHAP.  XV. 

Of  federal  lnftruments  whereby  the  Principles  of  Ply - 
droftaticks  are  more  fully  explain  d. 

T has  been  already  .intimated,  that  what  has  been 
faid  in  the  foregoing  Chapter  of  Mercury  or  Quickfil- 
ver,  holds  true  likewife  in  refpe£t  of  other  Fluids..  On 
which  Account  it  is  that  I fhall,  for  the  farther  II- 
luftration  of  this  Subject,  produce  in  this  Chapter  all, 
or  moft  of  thofe  lnftruments  by  which  the  Principles  of  Hy- 
droftaticks  are  explain’d.  . . 

I t is  then  obvious  {Fig-  12.  Tab-feyl)  that  the  Air  being 
fuck’d  out  of  the  Siphon,  through  which  Wine  and  other  Li- 
quors are  decanted  (as  Wallis  Prop.  xv.  Fig.  yi\-  of  his  Mer 
chanicks  fets  down)  at  E the  Wine  or  other  Liquor  in  the  Vef- 
fcl,  A B F G will  be  thruft:  up  by  the  Prelfure  of  the  Air  up- 
on the  Surface  A B,  into  the  other  End  H of  the  Siphon  ap- 
ply’d  to  the  faid  Surface,  and  the  Wine  will  be  thruft  upwards 
in  the  Siphon,  till  the  Weight  thereof  comes  to  an  Equilibrium 
with  the  Prelfure  of  the  external  Air,  fuppofe  till  it  comes  to  the 
Height  C I-  If  therefore  the  Top  D of  the  Siphon  be  not  higher 
than  I,  the  Wine  will  rife  to  the  laid  Top  of  it,  and  there  find- 
ing a Vent  or  Paffage  down  the  other  Leg  of  the  Siphon  D E, 
it  will  go  that  Way,  and  fo  run  out  at  E ; continuing  fo  to  do, 
(the  Caufes  dill  continuing)  till  the  Vedel  is  emptied.  But  it  is 
to  be  obferv’d,  that  the  Mouth  E of  the  Siphon  muff  be  lower 
than  the  Mouth  H ; for  elfe  E and  H being  equally  prefs’d  by 
the  Atmofphere,  if  the  Leg  D E be  but  of  an  equal  Length 
with  D H,  and  confequently  the  Fluid  in  one  Leg  of  equal 
Gravity  with  the  Fluid  in  the  other ; the  Fluid  would  flay  in 
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the  Siphon,  not  moving  one  Way  or  the  other,  without  fome  ex- 
ternal Force  befides  the  Air.  And  by  Parity  of  Reafon,  If  D E 
be  fhorter  than  D H,  the  Fluid  would  run  (not  from  H to  E, 
but)  from  E to  H,  the  Air  coming  up  at  E,  and  thrufting  the 
Fluid  forward  the  contrary  Way.  This  would  certainly  happen, 
except  at  leaft  the  Siphon  be  fo  wide,  as  that  the  Air  may  afcend 
by  the  Sides  of  the  Fluid,  while  the  Fluid  itfelf  defcends  in  D E. 

I might  in  this  Place  give  a more  particular  Defcription  of 
the  Siphon  and  its  Uies  and  Improvements,  but  that  I have  in 
the  Books  wherein  I have  treated  of  Hydraulicks  appropriated 
a Chapter  entirely  to  that  Purpofe ; on  which  Account  I fhall 
not  enlarge  upon  it  here,  but  only  obferve,  that  by  this  it  is  the 
Notion  of  a Vacuum  is  deftroy’d,  tho’  fome  of  the  Ancients  en- 
deavour’d to  eftablifh  it  hereby  ; for  that  this  fo  much  contend- 
ed for  Opinion,  which  is  fometimes  alfo  call’d  Fuga  vacuij  is  no 
other  than  that  by  the  ExfuHion  of  the  Air  at  E,  the  Water 
afcending  contrary  to  its  own  natural  Propenfion  to  I,  by  the 
external  Prelfure  of  Air;  tho’ even  then  it  is  certain  it  will  not 
rile  to  above  33  or  34  Foot  at  moft;  but  of  that  more  in  its 
proper  Place. 

The  fame  thing  happens  in  the  Pump  {Fig.  13.  Tab.  feq .) 
where  if  the  Height  C D were  greater  or  not  lelfer  than  C I, 
which  happens  by  the  Prelfure  of  the  external  Air,  the  Water 
would  not  afcend  through  D,  neither  would  C be  prefs’d  any 
farther  than  the  other  Parts-  of  the  Superficies  A C B,  and  the 
whole  Labour  of  the  Pump  would  be  in  vain  and  of  no  Effeft : 
But  if  D be  below  I,  the  Water  will  afcend  through  D even  to 
I,  if  there  be  no  Stoppage  or  Hindrance  even  up  to  the  Handle 
if  it  be  not  higher  than  I ; and  if  you  move  again  the  Handle 
it  will  overtop  F and  G,  and  rife  even  to  I;  yet  fo  that  if 
the  Handle  is  let  down  again,  the  Water  will  fubfilf  at  I,  whilfb 
there  is  more  coming  up  through  F and  G,  the  Valve  G being 
fhut  at  the  Depreffure  of  the  Rod  or  Pifton,  and  then  the  Wa- 
ter will  run  out  with  great  Violence  at  H. 

Much  more  might  be  faid  under  this  Head,  to  demonltrate 
that  this  whole  Procefs  is  effected  by  the  Prellure  of  external 
Air,  but  that  I fhall  have  Occafion  to  mention  it  fo-  often  in  o-' 
ther  Places;  but  I can’t  but  note  (before  I quit  this  Part  of 
my  Chapter)  an  Error  that  Wallis  himfelf,  and  after  him  the 
learned  Dr.  Wells  Reft  or  of  Cotesbatch  in  Leicejlerjbire , lately  de- 
ceas’d, are  guilty  of,  when  they  affirm  that  fuch  Wells  as  have  their 
Water  lying  very  deep,  can’t  have  it  rais’d  by  a Pump,  but 
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by  a Bucket  and  Rope  •,  becaufe,  fay  they,  according  to  thefe  Prin- 
ciples of  Hydroftaticks,  the  Difiance  between  the  Water  at  C in 
the  Well  and  the  Valve  E ( or  Bottom  of  the  Sucker  when  at 
the  lowed,  viz.  at  E)  mull  not  be  greater  than  the  Altitude, 
whereto  the  PreJTure  of  the  Air  is  fufficient  to  make  the  Water 
rife,  which  is  found  by  Experience  to  be' about  33  Foot. 

And  IVallis  * exprefly  tells  us  in  Pag.  746.  of  his  Mechanicks, 
that  Water  can’t  either  by  a Siphon,  Pump,  Syringe  or  any  o- 
ther  Inftrument  whatever,  (for  the  fameReafon  holds  good  in  all) 
be  rais’d  above  33  or  34  Foot;  when  on  the  contrary  we 
have  Pumps  that  raife  Water  commonly  50,  60,  70  or  80  Foot, 
and  Mr.  Fowle  and  Company  have  one  that  will  raife  it 

120,  as  maybe  leen  ia  their  printed  Papers;  tho’  all  the  while 
it  mull:  be  own’d,  that  the  external  Prelfure  of  the  Air  will  not 
rife  it  to  above  33  or  34  Foot,  which  fuppofe  to  be  F G;  nor 
do  our  Pump-makers  ever  fix  that  Valve  or  Clack  at  above  25 
Foot  high  above  the  Water;  but  then  a long  Rod  or  Pifton  of 
50,  60,  70,  or  80  Foot  may  be  added,  which  will  by  the  Re- 
petition of  the  Stroke  and  by  the  (hutting  of  the  Valves  at  G 
and  E,  mount  the  Water  to  almolf  any  Fleight,  the  Water  afi 
cending  by  the  Sides  or  through  the  middle  of  the  Bucket  or 
Sucker  all  the  while.  But  how  this  is  done,  will  be  more  parti- 
cularly fet  down  when  we  come  to  the  Praftice  of  Pumps. 

But  to  refume  our  SubieQ:  from  which  this  laft  Obfervation 
has  been  a kind  of  a Digrelfion,  Xb'c.cDefaguiliers  Prop.  xix.  Pag. 

1 21.  of  his  LeHures  on  experimental  Philofophy  fays,  that  the 
Afcent  of  Water,  even  in  a Syringe,  arifes  alfo  from  the  Pref- 
fure  of  external  Air,  (viz.)  when  the  Tube  of  a Syringe  is 
immers’d  in  Water  at  y,  (yid.  Fig.  14.  Tab.  feq .)  the  Pifton 
being  brought  to  R S,  is  left  void  of  Air,  fo  that  the  Gravity 
of  the  external  Air  preffing  upon  the  Superficies  0 f,  will  make 
the  Water  afcend  in  the  Tube  as  high  as  R S,  (viz)  that  the 
Part  of  the  Superficies  of  the  ftagnant  Water  at  <y_,  may  be  prefs’d 
by  the  incumbent  Water  in  the  Syringe  with  the  fame  Force, 
as  the  Superficies  op  is  prefs’d  by  the  incumbent  Air. 

The  fame  Effects  happen  by  the  Help  of  the  aEoliple,  the  In- 
vention of  Father  Merfennus „ as  the  aforefaid  Wallis  mentions 

* Hinc  eft  quod  Hydrargyrum  non  poffit  Siphone,  antlia,  SyringS  (nam  & illis 
eadem  eft  Ratio)  aliove  Sudtionis  oigano  quocunque  ultra  Pedis  Uncias  2 9 in 
altum  trahi,  nec  Aqua,  ultra  Pedes  33  aut  34  circiter,  aliaque  Fluida  pro  fua 
cujufque  Gravitatis  Ratione  &c.  Vid.  IVallis  Prop.  xv.  Cap.  xiv.  Pag.  74 6.  of 
his  Mechanicks. 
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Tag.  736.  predict,  which  Dr.  'Defaguiliers  Pag.  119.  Prop,  xviii 
explains  in  the  following  Manner. 

When  a Alan  (fays  lie)  by  the  Mufcles  of  his  Breaft  enlarges 
the  Cavity  oi  the  Thorax,  then  _ the  external  Air  finding  Room 
w herein  to  expand  itfelf,  ru  flies  in  at  his  Mouth  into  his  Lungs; 
io  that  if  one  Orifice  of  a Cube  be  in  his  Mouth,  and  the  o- 
i-iiei  immeisd  in  Water,  then  that  Part  of  the  Superficies  of  the 
Water,  which  is  under  the  Tube,  *is  free  from  Preffure  ; and  fince 
the  other  Parts  of  the  Water  are  prefs’d  by  the  fuper-incumbent 
An,  fo  that  the  Superficies  of  the  Water  is  prefs’d  by  the  fuper- 
incumbent  Weight  of  the  external  Air,  it  muft  needs  be  that 
the  Water  will  afcend  up  the  Tube,  to  wit,  that  the  Parts  un- 
dei  the  Tube  may  be  equally  prefs’d  by  the  incumbent  Water, 
as  much  as  the  reft  of  the  Superficies  of  the  Water  is  prefs’d  by 
the  incumbent  Air ; fo  that  the  Preffure  of  the  external  Air  up- 
on the  Superficies  of  the  reft  of  the  Water,  is  the  Caufe  that 
the  Water  afcends  up  the  Tube.  Fid.  Fig.  16.  Tab.feq. 

Another  Experiment  this  curious  Gentleman  makes  life  of 

\7rrwhich  fee  Pa§-  I2°-  PIate  the  6th.  Fig.  15.)  is  to  take  a 
Glafs  with  a narrow  Neck,  but  without  any  Bottom  as  C,  put 
a Tube  in  its  Neck  at  B and  cement  them  ; then  tie  a Lamb’s 
Bladder  to  the  End  of  the  Tube  within  the  Glafs,  and  a large  Ox- 
bladder  D over  the  open  End  of  the  Glafs,  fo  that  the  Bladder 
may  be  forc’d  inwards,  and  drawn  outwards ; you  will  obferve 
all  the  Air  within  the  Lamb’s  Bladder  wherein  the  Tube  is  in- 
ferred will  be  ex  pell ’d  ; if  you  draw  the  Ox-bladder  outwards,  the 
Air  will  rufh  again  into  the  Lamb’s  Bladder  ; after  this  Manner 
Refpiration  is  perform’d,  the  Air  in  the  Cavity  of  the  Thorax 
acts  on  the  Lungs,  juit  as  the  Air  in  the  Ox-bladder  does  on 
that  of  the  Lamb’s.  If  the  open  End  of  the  Tube  be  immers’d 
in  Water,  and  the  Ox-bladder  drawn  back,  the  Water  will  af- 
cend the  Tube  and  fill  the  Lamb’s  Bladder,  as  vid.  Fie.  ic 
Tab.  feq.  & 5" 

This  Ubiquity  and  Preffure  of  Airis  alfo  vifible  in  a drinking 
Glafs,  which  if  you  take  and  immerge  it  in  Water,  fo  that  the 
Air  can’t  get  out,  the  Cavity  will  not  be  fill’d,  the  Air  within 
hindering  the  Al'cent  ox  the  Water  ; which  (as  that  learned  Gen- 
tleman obferves)  may  be  fhewn  by  putting  of  Paper  into  the 
Bottom  0!  the  Glafs,  which  will  not  be  wet;  but  if  you  fet 
the  Paper  on  fire,  the  Air  will  be  fo  ratified, ’that  the  Water 
will  rife  a good  Way  into  the  Glafs. 
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Upon  this  Principle  it  is  alfo,  that  diving  Bells  are  made,  by 
which  Divers  defcend  to  the  Bottom  cf  the  Sea,  to  fetch  up 
Money  or  other  valuable  Goods  that  are  loft  there,  where  they 
breath  very  freely  under  Water,  and  as  I have  been  told,  drink 
Punch  and  are  very  merry;  but  when  it  is  about  53  Foot  under 
Water,  the  Air  will  be  comprefs’d  to  half  the  Space  which  it  was  be- 
fore ; and  this  fometimes  breaks  their  Blood-veflels,  and  makes 
them  bleed  at  Mouth,  Nofe,  and  Eyes.  And  upon  this  Prin- 
ciple alfo  Cupping  is  explain’d;  the  internal  Air  in  the  Blood 
rarifies,  when  the  Preffure  of  the  external  Air  is  taken  away, 
and  diftends  the  Skin,  and  makes  it  fwell  in  the  Glafs.  This  is 
a Proof  fays  my  oft  quoted  Author,  whom  I can  never  enough 
commend,  that  there  is  a great  deal  of  Air  in  the  Blood. 

But  to  proceed  to  a farther  Demonftration  of  this  Principle 
of  Gravitation,  the  Barometer  or  Weather-glafs  is  a more  ample 
and'  clearer  Proof  of  the  Gravitation  of  Fluids  one  upon  another, 
than  any  Inftrument  yet  produc’d,  in  as  much  as  thereby  the 
Weight  and  Meafure  of  them  is  found  out. 

This  ufeful  Inftrument  is,  as  fome  learned  Men  obferve,  fo 
call’d  from  fignifying  Weight  and  a Meafure,  (being 

as  is  ekewhere  hinted)  the  Meafure  and  Weight  of  Air;  becaule 
the  Mercury  or  Quickfilver  rifes  and  falls  in  Proportion  in  the 
Tube,  as  the  Air  is  heavier  or  lighter,  and  fo  more  or  lefs  pref- 
fes  the  Quickfilver,  that  is  in  the  Well,  as  they  call  it,  of  the 
Barometer ; and  thus  far  is  agreed  by  all : But  what  it  is  that 
caufes  the  Air  to  become  fometimes  heavier  and  fometimes 
lighter,  is  not  fo  agreed. 

But  to  proceed  to  the  farther  Explanation  of  this  ufe- 
ful Inftrument,  it  may  not  be  amifs  to  take  a View  of  what 
the  famous  Jefuit  Gobart  in  a philofophical  Trad  of  his,  concern- 
ing the  Barometer  Pag.  2.  has  fet  down  concerning  the  Afcent 
and  Defcent  of  Fluids,  as  it  is  in  Queftion  1.  Pag.  2.  wherein 
the  Caufe  of  the  Afcenfion  and  Defcenfion  of  Mercury  in  the 
Barometer  is  very  fuccinflly  handled,  which  I the  rather  give 
becaufe  he  was  a Plenift,  and  maintain’d  that  Nature  does  not 
admit  of  a Vacuum  ? for  fays  he,  God  Almighty  has  fo  difpos’d 
of  Nature,  that  where  one  Body  deferts  any  Place,  another  fuc- 
ceeds,  and  therefore  Nature  does  not  admit  of  a Vacuum. 

I n the  next  Place'  he  fays,  that  Nature  does  not  abhor  a 
Vacuum „ becaufe  fhe  can’t  abhor  that  which  is  not,  and  of  which 
there  can  be  no  Danger;  and  in  the  next  Place  he  fays,  that 
the  Alcent  of  Mercury  and  other  Fluids  does  not  arife  from  the 
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?rfd  for  Fear  of  a Vacuum ; for  if  Mercury  was  to  rife  in  a 
lube  horn  the  Dread  of  that  Inane „ it  would  not  flop  at  the 
Height  of  30  or  40  Inches,  but  this  Fear  would  urge  it  on, 
untd  it  had  driven  it  to  40  or  50  Foot  high,  and  fo  on. 

. lHE  Barometer,  tins  ingenious  Gentleman  chiefly  recommends, 
is  very  much  like  that  which  Ozanam  in  his  Hydroftaticks  gives 

a Defcription  of,  which  he  calls  Mr.  Hagen’ s Barometer,  which 
take  as  follows. 

T7n^ETA  A 2 C be  a g!afs  Tube,  hermetically  feal’d  at  one  of  its 
ZtS  A and  °Pen  at  *tS  other  End  C,  that  as  much  Mercury 

rJL,P0U^uint°,B’/.S,wi11  fiU  the  Tube  which  reaches  from 
the  middle  of  the  cylindrick  Box  E,  to  the  middle  of  the  other 
D winch  muft  be  27  Inches  diftant  from  the  firft  E;  becaufe  a 
Fillar  of  Air  reaching  from  the  Earth  to  the  Top  of  the  At- 
mo^here  orutmo^urface  of  the  Air,  will  keep  27  or  28  Inches 
of  QuiJdilver  in  Equilibrio  in  a perpendicular  Tube:  Then  fill 
C E the  remaining  Part  of  the  Tube  with  any  other  Liquor,, 
which  will  neither  freeze  in  Winter  nor  diflolve  the  Quickfilver 
as  luppofe  common  Water  mixt  with  one  fixth  of  Hqua  Fords. 

J defcends  one  Inch,  (jer  Example)  in  the 
5’  \ le  SrravitF  of  the  Air,  it  will  rife  as  high  in  the 

“d  th«  ^er  which  is  in  the  remaining  Part  of  the 

Tube  C E will  defcend  in  the  Box  E,  and  if  (again)  the 
Cavity  of  that  Tube  be  15  Times  greater  than  that  of  the  re- 
maining Part  of  the  Tube  C E,  15  Inches  of  the  Water  of  this 

nai  row  Tube,  will  be  requir’d  to  take  up  the  Height  of  one 
nch  in  the  Box;  therefore  as  often  as  the  Mercury  rifes  or 
fafls  one  Inch,  the  Water  will  rife  or  fall  1 5 Inches ; and  likewife  when 
the  Mercury  rifes  or  falls  one  Line,  the  Water  will  fall  i<L7nes 
fo  that  this  Barometer  fhews  the  Alterations  of  the  Air’s  Gra- 
^y.1 5 Times  more  fenfibly  than  any  common  one.  But  D 

°bexPei'imental  Philofophy 
fays,  that  _ this  Sort  of  Barometer  has  one  Inconvenience7 

« Ei  the  Tube  C*" F S m®  ^eat]ler  is  hot  or  cold,  fo  the  Liquor 
<c  l n!  n|C  E|WI  dlifte°i-  contraa  itfelf,  and  confequently 
a rf  - 1 fa-  5 wIlereaj  the  Mercury  continues  ftill  the  fame 
« Peig  bf;  . Since  therefore  the  Mercury  keeps  always  at  the 
« fame  H,eight>  jtowever  the  Tube  be  inclin’d  ; the  belt  Contri 

« ^fle^AB B"?meterTf®fmsK  be  this,  {vid  Fig.  2r.  Tab. 
Jeq.)  iet  ABC  be  a Tube  bended  as  in  the  Figure  let  B C 

« b!  aTb°,Ut  26  nches  loE‘S>  and  A B fo  inclin’d,  that  it  may  be 
15  Inches>  whereas  A E Ihoujd  not  be  above  five  according 
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« to  the  Strufture ; fo  for  every  Inch  the  Mercury  rifes  in  the 
“ Tube,  it  will  rife  three  in  the  inclin’d  one  A B. 

Very  much  has  been  faid  by  Authors  of  the  natural  Effects 
of  Air,  in  this  remarkable  Part  ot  Nature-,  (the  famous  Jefuit 
Gobart  in  TraCt.  Philofoph.  de  Barometro  Queft.  2.  Pag.  133. 
© fcq.  fays)  that  this  Afcenfion  and  Defcenfion  of  Mercury,  is 
owing  to  the  different  Ponderofity  and  Mutation  of  Air,  but 
that  that  Mutation  in  Air  can’t  come  to  pafs  until  other  Changes 
fhall  go  before,  and  which  fhall  accompany,  and  be  fubfequentto  that 
Mutation  ; even  as  there  can  be  no  Expreffion  of  Water  out  o- 
Linnen,  unlefs  Water  was  therein  before,  with  more  to  the  fame 
Purpofe  ; and  then  concludes  Tag.  135.  that  ’tis  a condenfative 
Cold,  which  is  a pofitive  concurrent  Caufe  to  the.  greater  Weight 
of  Air;  and  that  the  Expreffion  of  Vapour  is  its  Concomitant 
(only  by  the  Accident  Condensation')  for  Serenity  is  a neceffary 
Confequent  to  that  Condenfation  and  Expreffion  of  Vapours  ; for 
as  the  Generation  of  one,  is  the  Diffolution  of  the  other;  fo  from 
the  Vapours  which  are  fo  exprefs’d  from  Air,  and  (which  aie 
future  Materials  for  Rain)  follows  that  Serenity  of  Air,  which  is 
always  confequent  to  it. 

I n the  laft  Chapter,  I gave  from  Dr.  T>efaguihers  a very 
fhort  and  plain  Account,  of  the  Afcent  and  Delcent  of  Mer- 
cury in  the  Barometer  &c.  I fhall  finifh  what  I began  in  that 
Chapter,  from  the  Obfervations  of  our  oft  quoted  learned  Jefuit 
abovemention  d,  who  concludes  his  Book  with  all  the  Obfeivations 
and  Objeftions  which  feem  poffible  to  be  made  on  this  great  Phae- 
nomenon  of  Nature. 

H e lays  it  down  as  a Maxim  in  Hydroftaticks,  that  Air  may 
be  either  ratified  or  condens’d  ; that  by  Rarefaction  the  Weight 
of  Air  is  diminifh’d,  becaufe  of  the  Multiplicity  of  Pores  that 
are  therein  ; even  as  Pummice-ftones,  Sponges,  or  other  opacous 
Bodies,  are  lighter  than  thofe  which  are  ot  a clofer  Contexture : 
He  concludes  therefore  that  condens’d  Air  preffes  and  elevates 
the  Mercury  in  the  Tube,  more  than  ratified  Air  does,  becaufe 
by  Condenfation,  the  Weight  and  Elaterium  of  the  Ait  is  en- 
creas’d;  for  condens’d  Air  is  fo  conftituted,  that  the  fuperior 
Parts  att  upon  the  inferior,  by  their  Preffure  ; and  that  the  Caufe 
of  the  Acceffion  of  fuperior  Particles,  upon  thofe  which  are  in- 
ferior is  a condenfative  Cold  ; and  in  anothei  Place  tells  us,  that 
Rarefa£tion  which  is  caus’d  by  Heat,  is  that  by  which  Air  or 
any  other  Fluid  extends  itfelf  from  the  Center  towards  the  Cir- 
cumference ; but  Condenfation  (which  is  a heavy  Quality)  caufes 
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the  Parts,  of  which  it  is  compos’d,  to  recede  from  the  Circum- 
ference to  the  Center. 

Now  thefe  things  being  fo,  it  is  obvious  (to  common  Obferva- 
tion)  that  the  Air  is  heavieft  and  exerts  its  lateral  PreiTure  on 
the  Barometer  moft,  when  it  is  the  moft  condens’d-  he 
compares  this  elementary  Sphere  to  a large  Veffel,  which  he’fup- 
pofes  to  be  fill  d with  Sponge,  (explain’d  by  its  own  natural  Di- 
latation) and  on  which  Water  is  pour’d  in  fucli  a Manner,  that 
theie  is  no  Part  within  the  Velfel  where  there  is  not  Water  and 
Sponge  mitt  together  • by  the  Sponge  he  would  reprefent  com- 
mon Air  the  Earth,  and  other  lenfible  Bodies;  but  by  the  Wa- 
ter the  fEther  or  Atmofphere,  and  as  it  is  in  the  Veil'd  which 
is  every  where  fill’d  with  Water  or  Sponge;  fo  it  is  in  this  do- 
mentary  Sphere  there  being  in  every  feniible  Place  Air,  or  fome 
other  Body,  and  dither  alfo.  ’ 

Now  the  Ponderosity  or  Weight  of  this  Air  is  encreas’d  from 

North  wi  wi°nde  W le‘T0f  iS  the  * bl°winS  of  the  North  and 
JN,?Uh  ^.e1^  Wlnds>  which  are  more  condens’d  by  Cold  than  the 

otheL  Winds  are;  and  thefe  Winds  meeting  with  others  that 
rife  from  other  Parts,  at  the  fame  Time;  gather  together  on  a 
Heap,  and  mix  with  common  ratified  Air,  and  fo  encreafe  the 
Gravrty  of  the  Atmofphere ; and  tho’  there  is  not  always  the 
fame  Difpofition  to  Rain  fuppofing  the  Air  be  ratified,  becaufe  in 
the  Summer  when  the  Earth  is  dry,  it  does  not  fupply  Va- 
pours, requifite  for  fuch  Purpofes;  from  whence  (regularly  (peak- 
ing) it  does.  and  ought  to  rain  lefs  at  that  Time  than  dri  er  in 
the  Spring  or  Autumn:  In  the  Winter  alfo,  whilft  the  Earth  and  a 
gteat  Pair  of  the  Sea,  is  conftrmg’d  by  Froft;  few  Vapours  being 

* Not  that  I efteem  the  hard  blowing  of  any  Winds  to  he  rw„r  , 

f th'1  thrhe^  siade  th= 

Mr*  -fe  s 

on  fwiftly,  where  it  is  evident  that  it  rinc  , „r  • Cl,er  ^lrriaSe  which  is  drawn 
drawn  flowly  ; for  which  take  ’ Cohort  in  his  own"  Words'  Tuit  iFJ‘  Wa.S 
tatm  multum  ferdit  f»,t  Gravitation,  Jecwdum  Uneam  ' refill 
Agitationis,  pondus  tendit  dcorfum  qnidem. | fccundum  Linea-m  W 

™ jr. 

wj-l  % si 

Jilcnto  traheretur.  VU  Trad/ ’ t 
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detach’d  there  from  ; neither  has  the  Sun  Heat  enough  to  draw 
them  to  itfelf  at  that  Time;  yet  in  thefe  Seafons  (different  as  they 
are)  Rains  often  fall,  the  Winds  abovemention’d  wafting  them 
from  other  Regions,  where  they  were  before  generated,  to  the 
Place  where  by  the  Oppofition  of  other  Winds,  they  are  forc’d 
to  flop  and  fall  down;  fo  that  Winds  are  both  the  Forerunners 
as  well  as  concurrent  Caufes,  of  Rain  and  other  Changes  of 
Weather. 

Last  of  all  in  the  greateft  Heats  of  Summer  whilft  the 
Dog-ftar  or  Leo  reigns  (whilft  there  are  not  Rains  enough  to 
nourifh  the  Corn)  there  are  obferv’d,  great  Commotions  of  the 
Winds,  frequent  Thundrings  and  often  great  Showers,  all  which 
are  foretold  by  the  Barometer,  even  whilft  the  Air  is  in  that 
Difpofition ; and  the  Reafon  why  neither  fome  contiguous  Parts  nor 
the  whole  Atmofphere  are  not  agitated  or  mov’d  at  the  fame  Time 
is  this,  (viz.)  for  that  the  firft  Foot  of  Motion,  in  the  Air,  is 
refilled  by  the  fecond ; which  always  encreafes  till  it  comes 
to  the  laft  Point,  in  which  that  Impetus  defifts,  which  by  how 
much  the  greater  it  is,  by  fo  much  greater  is  the  Agitation  it 
makes  in  the  Air,  all  which  is  neverthelefs  limited  ; for  a Voice 
which  is  founded  in  the  Air  is  heard  but  at  a fmall  Diftance  ; 
even  fo  alfo  a Cannon,  on  its  firft  Explofion,  vehemently  moves 
the  neighbouring  Air,  and  is  yet  neverthelefs  not  heard  above 
ten  Leagues,  except  the  Air  be  very  ftill ; and  unlefs  it  has  fome 
farther  Helps,  to  make  its  Noife  perceiv’d  the  farther;  and  this 
is  the  Reafon  why  all  Changes  of  Weather  are  circumfcrib’d  to, 
and  found  in  different  Places. 

From  all  which  it  is  inferr’d,  that  from  the  Afcent  of  Mer- 
cury is  found  out  the  Gravity  of  the  Air  ; and  this  Knowledge 
may  be  laid  to  be  direfitly  and  immediate ; for  as  the  Depreffion 
of  one  Scale  in  any  Ballance  is  known  direfitly  and  immediately 
by  the  Rifs  of  the  other,  (becaufe  they  conliitute  one  artificial 
Being)  fo  in  like  Manner  the  Weight  of  Air  and  Mercury  con- 
ftitute  or  belong  to  one  and  the  fame  thing,  and  the  direfit  Cog- 
nition or  Knowledge  of  the  Elevation  of  one,  is  alfo  the  di refit 
Knowledge  of  the  Depreffion  of  the  other. 

Many  are  the  Scholiums  with  which  this  learned  Author 
fills  his  Writings,  concerning  the  direfit  and  indirefit,  imme- 
diate and  precife  Changes  of  Air,  which  tend  to  no  more  than 
what  (I  have  I think  before  laid  down)  that  there  can  be  no 
Change  in  Air  unlels  there  be  fuch  a Ponderofity  preceding  or 
going  before  it  (as  has  been  juft  now  deferib'd  ) from  whence 
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(he  fays)  the  Afcent  of  Mercury  fliews  indire&ly,  (that  is, 
that  the  Condenfation  of  Air,  the  Expreflion  of  Vapours,  and 
the  futuie  Serenity  of  Weather,  are  not  immediate  or  momentary) 
butneceifary  confequents  of  this  Change  ; but  all  thefe  fchool  Definiti- 
ons which  are  calculated  rather  to  puzzle  than  inftruft  Mankind, 
I leave  to  the  Difcuffion  of  thofe  who  have  more  Leifure  than 
I have;  and  to  fum  up  all  that  can  be  faid  on  this  Head,  thofe 
Vapours  which  fluctuate  in  the  Air,  and  which  are  feen  in  or  before 
wet  foggy  Weather,  doe  notencreafe  its  Gravity  ;for  when  they  are 
aefcending  and  hovering  about  the  Earth  (as  they  then  are)  ’tis 
then  the  Air  is  lighted;  and  the  Mercury  in  the  Glafs  will  rife 
trie  lead;,  and  when  they  are  in  the  middle  Region  of  the 
Air,  they  do  not  encreafe  its  Gravity;  for  tho*  the  Air  be  heavier 
then,  it  is  not  becaufe  the  Clouds  are  high,  but  the  Clouds  are 
high,  becaufe  they  are  iufpended  by  Air  which  is  heavy,  as  one 
Eluid  which  is  heavy,  is  well  known  to  fudain  another,  which 
is  lighter;  for  when  the  Air  is  more  heavy  than  Vapours,  they 
aye  forced  to  afcend,  till  they  meet  with  Air  of  the  fame  fpeci- 
hck  Gravity  of  itfelf  ; and  fo  continue  to  fubfide  till  the  Warmth 
or  Rarefa&ion  of  the  lower  Air  gives  them  Liberty  to  rede- 
icend  ; fo  that  the  Gravity  of  the  Air  confiffs,  in  that  which  is 
condens  d and  congregated  together,  as  it  is  before  all  rainy  fall- 
ing Weather,  which  is  what  was  to  be  prov’d. 

A Thermometer  is  a long  Tube  of  Glafs  feal’d  hermetically, 
which  has  a fmall  Bubble  at  Top  as  O,  and  under  it  a long 
iSeck  as  at  B,  which  being  fill’d  about  half  Way  with  Spirit  of 
Wine  or  any  other  Liquor  that  does  not  freeze  in  Winter  (ufually 
ting  d of  fome  Colour  to  dilfinguifh  it  in  the  Tube)  ferves  to 
Ihew  the  Degrees  of  Bleat  and  Cold  in  the  outward  Air. 

. Fo*  Eurpofe  the  whole  Length  of  the  Tube  is  divided 
into  eight  equal  Parts,  and  thofe  eight  into  eight  more,  to  have 
m a eight  Times  eight,  which  is  64  Degrees,  to  know  more 
leniibly  the  Change  which  happens  at  any  Time  in  the  Temper 
of  the  Air,  obferving  to  what  Degree  the  Water  rifes  that  Hour 
of  the  Day,  according  as  the  Heat  of  the  outward  Airis  encreas’d 
or  dimimfh’d;  for  when  the  Airis  hot,  it  caufes  the  Air  and  Ball  in 
the  lube  A B to  be  rarified,  and  that  Air  being  rarified  expands 
itfelf  and  caufes  the  Water  to  defcend : And  on  the  contrary, 
when  the  Air  is  cold  it  is  condens’d,  and  gives  Room  to  the  Wa- 
^ rife,  to  which  it  muff:  be  added,  that  the  fmall  End  of 
tins  1 hermometer  be  open,  and  immerg’d  in  an  open  Veflel  with 
the  lame  Liquor  with  that  which  it  contains. 

The.. 
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The  famous  Monfieur  Gobart  in  his  philofopliical  TraCt  con-' 
cerning  the  Barometer  &c.  fays,  that  the  Thermometer  has  its 
Name  from  ofpuov  which  fignifies  Heat  and  Meafure,  and 

that  it  is  made  two  Ways  ; the  firft  of  Water,  and  the  fecond 
of  Spirits  of  Wine.  A Thermometer  which  is  made  with  Wa- 
ter is  compos’d  of  two  Parts,  to  wit,  a VetTel  and  an  oblong 
Tube  with  a Ball  at  Top,  the  extream  Part  of  the  open  Tube 
muff  be  immerg’d  in  ftagnate  Water,  the  Water  being  put  into 
the  Tube,  it  will  afcend  up  to  the  Middle  whilft  the  Cold  en- 
creafes,  but  will  defcend  whilft  the  Heat  encreafes  ; a Sketch  of 
which  may  be  feen  as  I have  taken  it  from  Gobarf s drawing 
itfelf,  and  exprefs’d  Fig.  15.  Tab  feq. 

His  Thermometer,  which  is  made  of  Spirits  of  Wine,  is  made 
of  one  Giafs  only,  where  the  Ball  is  not  at  Top,  but  at  the  Bot- 
tom (as  vid.  Fig.  16.  Tab.  Jeq.')  the  Ball  and  above  half  the  Tube 
are  fill’d  with  Spirits,  and  the  remaining  Space  is  left  for  common 
Air  ; then  it  is  hermetically  feal’d,  and  in  like  Manner  the  Parts 
are  noted  upon  the  Frame,  to  which  the  Tube  is  faftned  ; and 
whilft  the  Heat  increafes,  the  Spirits  of  Wine  rife  ; but  when  it 
is  inclinable  to  Cold  they  defcend.  The  Tube  may  be  extended 
to  three  or  four  Foot  high,  the  Divifions  may  be  difcretionary 
according  to  the  Length  and  Breadth  of  the  Ball,  the  Tube  may 
be  denfer  or  thicker,  Tut  the  Ball  may  be  Smaller,  from  whence 
the  Spirits  will  be  more  capable  of  Alteration. 

The  Barometer  and  Thermometer  differ  in  the  Ufes  they  are 
apply’d  to  ; the  Thermometer  is  us’d  to  know  the  Heat  and  Cold 
of  the  Air,  but  the  Barometer  to  the  knowing  the  Weight  and 
Serenity  of  it ; likewife  the  Water  of  the  Thermometer  afcends 
direCtly,  but  the  Weight  or  Preffure  of  external  Air  indirectly,  by 
the  Contraction  and  Condenfation  of  that  which  is  within. 

With  this  Inftrument  (ufeful  as  it  is  in  all  green  Houfes  and 
Stoves)  may  be  compar’d  the  greateft  Heat  of  one  Summer  with 
the  greateft  Heat  of  another,  or  the  greateft  Cold  of  one  Winter 
with  the  greateft  Cold  of  another;  and  from  this  you  may  know 
which  of  two  Rooms  is  the  hotteft,  that  being  the  hotteft  where 
the  Water  will  defcend  the  loweft  in  the  Thermometer,  the  leaft 
Heat  being  able  to  ratify  the  Air  contain’d  in  the  Tube  A B, 
as  may  be  found  by  Experience  ; for  it  * the  Hand  be  laid  on  the 
Ball  A,  its  Heat  will  immediately  ratify  the  Air  and  Caufe  the 

♦Manus  applicants  extreino  Tubi  aerem  rarefacit,  & illi  condenfat  fpiritus  intra 
bullam.  — applicatus  bulls  fpiritus  rarefacit,  & illi  per  fuatn  dilatati°nem,  et  aerem 
comprimunt  in  fumtno  Tubi.  Pag,  5 6.  Gobart  de  Barometro. 
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Water  to  defcend,  which  will  creep  up  gently  into  its  Place  a- 
gain  as  foon  as  the  Hand  is  remov’d,  which  will  be  more  eafily 
ieen  it  you  warm  the  Ball  by  breathing  upon  it. 

I lira  11  conclude  this  Account  of  hydroftatick  Inftruments  when 

have  oblerv’d,  that  ’tis  by  this  Thermopieter  that  you  may 
keep  your  forcing  Frames  for  Melons  and  other  Fruits,  to  fuch 
a due  regular  and  temperate  Heat  as  the  Nature  of  your  Plants 
leqnue;  as  you  may  alfo  die  true  State  of  Air  necelfary  for  the 
i reiervation  ot  thofe  Exoticks  which  come  from  different  Places 
beyond  Sea,  to  which  End  I have,  >in  the  Houfe  where  I now 
Jive,  a Thermometer,  with  the  different  Latitudes  of  the  molt 
iemarkable  Places  of  the  World  alphabetically  digefted,  which 
may  lerve  as  a perfeT  Scale  of  Nature  in  the  Direction  of  what 
Heat  is  proper  for  the  Nourifhment  of  every  particular  Kind  of 
Plant,  which  ends  what.  I have  to  fay  of  the  Thermometer. 

And  be. ore  I quit  this  Account  of  the  Inftruments  by  which 
the  Principles  of  Hydroftaticks  are  explain’d,  it  will  not  be  im- 
proper for  me  to  take  Notice  of  the  Hygrometer;  a Specimen  of 
which  we  have  lately  had  in  the  Toy  wherein  the  Man  comes 
out  of  Doors  in  wet  Weather  and_  the  Woman  in  dry. 

Af  lV  S Hyg'ometei  which  is  alfo  call’d  Hygrofcope,  was  as 
Monheur  Gobart  Pag.  93.de  Traft.  philofoph.  de  Barometro, 
tells  us,  not  long  ago  invented  by  Father  Magnananus  of  the 
society  ol  Jefus  ; tho  there  are  others  which  give  an  Account 
of  its  being  the  Invention  of  an  Englijbman J the  Ufe  whereof 
!S  to  find  out  precifely  die  Humidity  and  Siccity  of  the  Air : Let 
t.ieie  be.  a Chord  made  of  any  mufical  Inffrument  of  Parchment  a 
Rope-ffringor  bearded  Ear  of  Corn  &c.  the  efficient  Caufes  of  which 
are  the  Vapours  of  Water,  which  infmuate  themfelves  into  the 
Fores  of  all  opacous  Bodies,  and  becaufethey  varioully  twift  and  fwell 
the  I ibres  of  other  Bodies,  fo  they  caufe  various  Motions  therein 
and  tlie  formal  Caufe  is  the  Recontortion  or  Retwifting  of  thole 
Fibres,  fituated  in  that  various  Habitude  of  Particles,  to  its  firftr 
Pofition  again,  even  fo,  that  if  a twifted  Chord  be  turn’d  from 
t e left  to  the  right  Hand  in  dry  Weather,  it  will  forthwith  re- 
tuin  fiom  the  right  to  the  lert  in  wet. 

feVern  ,Pnc^  but  tbe  following  one  is  in  Efteem; 
Ma,f , a tCr  mn^°?  PalIance  as  (A  B Fig.  i7.  Tab.  feq.-)  which 
muff  be  iufpended  by  its  Center  of  Motion  G,  and  put  into  one 
of  the  Scales  as  D a Weight  of  Lead,  and  in  the  other  Scale  as 
■d  a-,i  ,e  ot  ^Pon§e  bjg  enough  to  keep  it  in  Equilibrio ; then 
it  will  happen  that  when  the  Weather  is  moift,  the  Sponge  grow- 
ing, 
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ing  moift,  by  the  fucking  in  of  thofe  Particles  of  Water  that  fwim  in 
the  Air  (which  it  will  do  more  eafily  if  it  has  been  firft  dipp’d  in 
fait  Water ;)  for  tho’  the  Water  may  be  dried,  yet  thofe  faline 
Particles  which  are  left  behind  will  render  it  more  fufceptible 
of  the  Moifture  of  the  Air)  will  become  heavier  than  the  Lead, 
and  caufe  its  Scale  to  preponderate,  and  alfo  the  Examen  of  the 
Ballance  which  is  moveable  about  the  fix’d  Point  G,  to  change 
its  Pofition. 

O n the  contrary,  when  the  Sponge  is  dryed,  by  the  Drynefs 
of  the  Air,  it  will  not  be  fo  heavy  as  the  Lead,  and  confequent- 
ly  rife  with  its  Scale,  and  make  the  Examen  alfo  to  turn  the  other 
Way,  and  point  to  the  Degrees  of  Drynefs  mark’d  upon  the  Cir- 
cumference of  the  Circle  defcrib’d  about  the  Center  of  Motion 
G ; but  inftead  of  an  Examen  and  Circle,  you  may  fallen  the 
Scale  C a little  Chain  made  of  feveral  little  Balls,  which  fall 
upon  the  horrizontal  Plain  as  E F,  and  will  lie  upon  it  in 
greater  number  when  the  Moiftnefs  of  the  Air  is  greater ; for  in 
iuch  a Cafe  the  Scale  C will  defcend  lower,  becaufe  the  Sponge 


being  moifter  will  confequently  be  heavier. 

Another  Kind  is  thus  made,  let  there  be  a Box  divided  into 
twelve  Parts,  and  thofe  again  into  20  fmaller  Divifions  Qvid  Fig. 
22.  Tab.  feq.~)  in  the  middle  of  which  let  there  be  alfo  put  a Ear 
of  Corn  perfectly  ripe,  to  which  let  there  be  fix’d  a fmall  Index 
which  may  diftinguifh  the  Degrees  on  the  Box  by  the  Motion 
of  the  Ear  of  Corn.  Concerning  this  Hygrometer  divers  things 
are  noted  ; firft  of  all,  the  Ear  of  Corn  fhould  be  mov’d  from 
the  Eaft  to  the  Weft,  through  the  Meridian  in  wet  Weather, 
but  in  dry,  from  the  Eaft  to  the  Weft  by  the  North  Pole;  the 
Reafon  of  which  is  difcoverable  from  the  Stru&ure  of  the  Ear 
of  Corn.  In  the  next  Place,  if  you  fet  the  Hygrometer  near  the 
Fire  the  Blade  of  Corn  will  turn  itfelf  round  and  round  as  it 
were  in  Dances,  either  more  or  lefs  according  as  it  is  nearer  or 
farther  off. 

And  to  this  Principle  may  be  afcrib’d  the  Interchanges  the 
Man  and  Woman  make  in  the  new  publifh’d  Toy  befo remen- 
tion’d, as  whoever  takes  a little  Notice  may  be  more  fully  fatis- 
fied.  There  is  another  Method  that  ff  Monfieur  Gobart  takes  in 
m akin 17  this  Hygrometer,  the  Draft  of  which  I have  taken  from  his 
Book  ^de  Barometro  beforemention’d  Quid.  Fig.  23.  Tab.  feqi)  tie 


I Et  per  hos  eofdem  Vapores  multa  hasc  Oracula  loquuntur  & enarrant  prajfen- 
tem  Aure  Statum.  Vid.  Gabart  Trad,  philofoph.  de  Barometro  Pag.  9 8.  & fey. 
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(fays  lie)  a Rope  to  a Beam,  in  the  extream  Part  of  which,  fix  a 
Weight  proportionable  to  the  Rope,  (that  is)  fomething  bigger,  and 
the  Weight  fhall  be  elevated  in  moift  Weather  and  deprefs’d  in  dry. 

I f you  defire  fuch  a thing  in  a fmall  Compafs,  you  may  ufie 
a Piece  of  Parchment,  or  the  String  of  a Violin  fix’d  to  the 
Wall ; let  the  Globe  or  Ball  be  beneath,  and  let  the  Defcription  of 
the  Degrees  be  made  in  Paper  or  Wood,  and  il  there  fhould  be 
defcrib’d  in  a large  Circle  as  at  A,  and  on  a pendulous  Rope 
as  at  B,  there  will  be  a ' double  Notation  of  that  Motion  (tiz.) 
circular  and  perpendicular,  and  fo  both  wet  and  dry  may  alfo 
be  known. 

jlhe  fame  is  done  by  a Cat’s  Gut  or  other  Piece  of  String  nail’d 
acrofs  ^ any  Part  of  a Wall,  juft  in  the  Middle  of  the  Degrees, 
but  this  String  fhould  be  dipp’d  firft  of  all,  in  fait  Water,  that  it 
may  be  the  more  fufceptible  of  Moifture,  and  may  the  fooner 
retradt  or  fhrink  up  again.  And  our  famous  Jefnit  tells  us,  that 
every  one  unknowingly  carries  a Hygrometer  about  with  him, 
if  he  will  oblerve  how  his  very  Hair  is  let  down,  in  moift  Wea- 
ther, but  curl’d  in  dry  ; any  Part  made  of  Wood,  as  Doors,  Win- 
dows, and  fuch  like,  fwell  in  wet  Weather,  and  fhrink  in  dry 
by  the  Infinuation  and  Expreflion  of  thofe  Vapours  beforemen- 
tiond,  and  by  thofe  very  fame  Vapours  it  is,  that  thofe  dumb 
Oracles  (if  I may  ufe  Gobarf  s own  Words)  fpeak  and  tell  the 
prefent  State  of  the  Air. 

Having  thus  in  Part  given  a rational  and  experimental  Ac- 
count to  my  Reader  of  the  Inftruments  whereby  the  Principles 
of  Hydroflaticks  are  more  fully  explain’d,  efpecially  in  that  of 
the  Barometer,  in  which  may  be  obferv’d,  one  of  the  moft 
wonderful  Phenomena’s  in  Nature ; the  Knowledge  of  which 
as  Gobart  in  his  Troamium  or  ‘Preface  to  his  fhilofopbical 
Iran,  of  the  Barometer is  more  difficult  than  the  Flux  and  Re- 
flux of  the  Sea  ; the  Afftus  or  Ebullition  of  the  Sea  (fays  he)  owes  its 
Motion  to  the  Increafe  or  Decreafe  of  the  Moon ; but  this  may  not 
improbably  be  attributed  to  a more  potent  Caufe,  and  in  this 
the  Flux  of  the  Barometer  exceeds  that  of  the  Sea ; becaufe  no- 
tiling  piecedes  not  follows  thatj  but  from  this  follow  various  things  as 
Ram,  Snow,  Hail,  Wind,  Tempefts.  Nor  is  it  eafy  to  know  the  Caufe 
o tusAfcent  or  Defcent,  and  what  they  portend,  proves  to  be 
a laborious  Enquiry.  To  follow  our  learned  Author 

This  Inftrument  fhews  not  only  the  prefent,  but  the  future 
State  of  the  Weather;  by  its  Defcent,  is  fhewn  Rain;  and  by 
its  Alcent  Serenity  of  Weather;  fometimes  it  is  ferene  after  it 

E e defcends„ 
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defcends,  and  when  it  afcends  it  is  rainy  ; by  its  Afcent  is  deno- 
ted Snow  or  Hail,  by  its  Defcent  Winds  and  Tempefts;  when  the 
Mercury  is  elevated  in  a little  Time,,  the  following  Serenity 
does  not  loft  long„  and  when  it  defcends  quickly 3 neither  is  the 
following  Rain  of  any  long  Continuance;  but  when  its  Elevation  is 
(lowly,  a more  laftiug  Serenity ; on  the  contrary > when  it  falls 
fowly,,  a conflant  Rain  follows.  Oftentimes  when  it  does  not 
afcend  much  it  is  ferene,  and  when  it  defcends  but  little  it  never- 
thelefs  rains  much,  all  which  is  owing  to  the  different  Gravity 
or  Difpofition  of  the  Atmofphere,  in  the  various  Seafons  amd 
Turns  of  the  Year. 

The  flower  Afcent  of  the  Mercury,  fhews  that  a flow  Con- 
denfation  and  Depuration  of  the  Air  is  made  from  the  aque- 
ous Vapours,  that  are  therein  •,  and  fo  a flow  Condenfation  and 
Cleanfing  of  the  Air  is  neceffarily  join’d  with  a longer,  as  the 
flower  Affent  of  the  Mercury  fhews  a (hotter  Serenity  following  ; 
for  a flow  Condenfation  is  the  Caufe,  that  all  the  Particles  of 
Air  are  more  interwove  amongft  themfelves,  and  on  the  contrary, 
that  the  aqueous  Particles  neceffarily  exprefs  themfelves  the  clearer 
by  the  longer  Relaxation  and  Expreflion  of  them ; to  be  more  plain,  a 
notable  Afcent,  and  which  fhews  the  Serenity  of  Weather ; (but  that 
which  is  not  lafting)  is  that  when  it  riles  to  a Finger’s  Breadth 
in  a very  little  Time,  to  wit,  in.  the  Space  of  12  01-15  Hours. 

This  Difference  in  the  Rife  of  the  Mercury  (as  has  been 
often  Times  noted)  is  from  the  different  Gravitation  of  Weight, 
of  the  Atmofphere,  for  as  Gobart  Dub.  3.  Pag.  161.  Mercuri- 
es multum  yonder  at  j ergo  debet  dari  magna  mutatio  in  acre ^ 
ut  i(fi  aquiyonderat : And  from  this  he  lays,  that  Mercury  is 
to  Air  as  fifty  thoufand  to  one,  as  he  colleHs  from  Kircher.  For 
fweet  Water  being  to  Air  as  1000  is  to  1 ; fo  Mercury  is  to 
Water  as  15  is  to  1,  and  confequently  that  Mercury  is  to  Air, 
as  one  is  to  50  Millions  ; if  therefore  Mercury  be  rais’d  to  4© 
Digits,  that  is  to  two  Foot  and  a half,  a Column  of  Air  will  be 
elevated  above  37000  Foot. 

Now  as  to  the  Height  of  the  Atmofphere  I have  to  obferve, 
that  this  Calculation  of  Kircher’  sis  apparently  . different  to  what 
others  of  later  Date  have  made.  Sweet  Water  is  (by.  Dr.  Ttefa- 
quiliers  and  others)  reckon’d  as  8co  to  1,  and  the  Difference  be- 
tween Mercury  and  Water  is  as  14  to  1,  both  which  Sums  be- 
ing multiplied  together  make  but  41200  (inftead  of  the  50000 
before  fet  down  by  Gobart  from  Kircher .)  Befides,  the  different 
Degrees  of  the  fuperincumbent  Weight  of  the  Atmofphere  one 
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upon  another,  according  to  general  Eftimation  is  fuch,  that  ’tis 
hard  to  affign  any  precife  Height  thereto,  but  it  mav  be  4,  s 
or  6 Miles  more  or  lefs.  1 

Because,  I remember  fomewhere  in  the  Hiftory  of  Hungary 
to  have  read  of  a Mountain  which  was  about  4 Miles  high,  to 
the  Top  of  which  fome  curious  Oblervators  alcended,  which 
Mountain  was  fo  high,  as  that  they  thought  themfelves  above 
the  very  1 op  of  the  whole  Atmofphere,  all  that  was  under 
them  being  heavy  and  blue,  and  that"  the  View  of  the  Earth 
below  them  was  thereby  intercepted  &c.  but  that  the  Air  where 
they  were,  was  very  fubtle  and  ferene  ; all  which  is  a Demonftration 
of  the  Uncertainty  of  this  Height  of  the  Atmofphere,  which  has 
been  the  great  Enquiry  of  many  Ages.  But  to  proceed  with 
Gobart , from  lienee  (fays  he)  it  may  be  eafdy  collected  how  much 
the  fuperincumbent  Air  prelTes  upon  our  Horizon,  and  how 
much  that  Mutation  of  Air  {quoad  Tondus)  is,  whilft  the  Mercury 
is  only  elevated  or  deprefs’d  to  the  fourth  Part  of  a Finger,  the 
Quantity  of  the  elevated  Mercury  will  give  the  requir’d  Weight ; 
from  thence  it  may  be  gather’d,  that  it  is  not  the  protuberant 
Weight  of  the  Column  of  Mercury  only,  which  caufes  the  Change 
of  all  the  fuperincumbent  horizontal  Air  ; and  it  ought  to  be 
wondred  at,  if  that  whole  Mutation  or  Change  of  Air  taken  by 
Weight,  (both  fair  Weather  and  Rain,)  as  well  in  Winter  as  in 
Summer  may  be  deferib’d  in  the  Compafs  of  three  Fingers,  con- 
taining as  it  does  the  Viciflitudes  of  tempeffuous  Air,  Rains,  va- 
riable and  fair  Weather,  even  as  vaft  Regions  may  be  deferib’d 
(in  geographical  Tables)  in  lome  fmall  Circle. 

T o proceed,  the  Afcent  of  Mercury  from  the  Point  of  srreat 
Rains,  to  that  of  common  or  variable,  is  a Sign  of  ferene  or 
fair  Weather,  which  is  prov’d  firft  from  Experience,  and  fecondly 
becauie  thereby  the  Vapours  fhall  be  fully  fqueez’d  or  prefs’d 
thereout,  and  the  Condenfation  be  fo  fufficient,  that  the  Mercury  muff 
be  carried  up  thither  ; and  if  you  enquire  why  it  could  not  alcend 
higher,  it  is  anfwer’d,  that  its  Weight  does  not  require  it. 

I t may  indeed  be  from  thence  inferr’d,  that  the  collateral 
Notes  of  the  Barometer  are  fuperfluous,  becaufe  it  may  be  fair 
Weather,  and  yet  neverthelefs  the  Mercury  does  or  will  hand 
ftill,  as  well  within  the  Limits  of  Rain  or  variable,  as  it  would 
vvithin  the  Limits  of  fair  Weather;  but  this  Inference  or  Allevia- 
tion is  deny’d,^  becaufe  they  who  have  chiefly  obferv’d  the  Afcent 
and  Defcent  of  Mercury,  have  more  frequently  obferv’d  it  to 
have  lain  d,  than  to  have  been  fair  ; and  to  have  been  tempeffuous 
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rather  than  variable,,  when  it  has  come  to  the  Mark  of  ferene 
or  rainy  Air.  And  what  has  happened  commodioufly  enough  to 
thofe  who  have  made  Obfervations  concerning  the  Barometer, 
will  not  happen  fo  well  to  thofe  who  are  unwilling  to  know 
the  Caufes  and  Effefts  of  that  Afcent  and  Defcent. 

Another  Objection  brought  againfl  the  Barometei  io  that  the 
fame  Air  according  to  all  Circumftances  cannot  caufe  both  fair  Wea- 
ther and  Rain,  to  which  it  is  anfwer’d,  that  it  may  ponderate  in  the 
fame  Manner,  altho’  it  be  join’d  fometimes  with  Rain  and  fome- 
times  with  fair  Weather  ; for  Mercury  might  ltand  above  fair 
Weather  and  yet  be  join’d  with  Rain,  becaufe  Vapours  which 
have  been  mix’d  with  Air  already  condens’d,  can  never  lofe  its 
Elaterium,  becaufe  of  its  Condensation  ; and  therefore  tho’  the 
Mercury  might  (land  the  higher,  it  might  neverthelefs  rain,  and 
that  for  the  following  Reafons. 

First,  for  that  Air  is  fubjeft  to  various  Alterations  which 
take  their  Rife  (as  I think  I have  before  hinted  at ) from 
the  thick  Vapours  of  the  Water,  from  the  Exhalations  of  the 
Earth,  and  from  the  Effluviums  of  terreftrial  Bodies,  whether  ani- 
mate or  inanimate,  from  Heat  or  Cold,  or  from  Rarefaction  and 


Condenfation. 

Secondly ; Thefe  Vapours  and  Effluvia’s  are  fuftain  d in  the 
Air  as  Particles  of  a lighter  Kind  are  fuilain’d,  by  thofe  which 
are*  heavier  in  Water;  the  Reafon  of  which  is  (as  before)  for  that 
the  Liquidity  or  Cohsefion  of  the  implex’d  Particles  of  which 
they  are  compos’d,  are  like  Nets  whofe  exterior  Parts  they  fallen 
to  the  Lattice  of  a Window,  as  they  may  do  from  the  differ- 
ent Caufes,  from  which  that  Mixture  is  made  ; not  only  in  the 
Bottom,  but  alio  in  the  luperior  and  middle  Parts,  as  is  plain  in 
Water,  ’on  which  fait  Water  is  generally  put. 

Thirdly j It  may  come  to  pafs  that  one  Species  of  Particles  may 
over-top  at  one  Time,  which  Particles  may  be  over-top’d  by  others  at 
another;  for  the  Air  is  fometimes  fo  full  of  Vapours,  that  the  whole 
may  feem  as  if  it  was  Water,  which  either  infinuate  themfelves 
into  Bodies  which  are  very  porous,  or  flick  to  the  outer  Parts 
of  denfer  and  more  polifh'd  Bodies,  even  as  Marbles  which  are 
fometimes  feen  to  diflil,  as  it  were  Drops  of  Water,  and  which 
neverthelefs  are  as  fo  many  igneous  or  fiery  Particles  mix’d  with 
Vapours,  which  in  rainy  Weather  are  warm,  and  which  are  ne- 
verthelefs cold,  when  it  is  not  fo  ; or  when  they  are  overcome 
by  nitrous  Particles,  or  by  others  which  ferve  for  the  Formation 

of  Hail  or  Snow,  „ .... 
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Fourthly „ That  the  difperft  Particles  of  Water,  don’t  make 
that  which  is  fenfibly  i'o,  (unlefs  they  are  gather’d  together)  is  evi- 
dent in  a Looking-glafs ; for  the  Air  which  we  breath  has  Par- 
ticles of  Water  mix’d  therewith,  which  however  does  not  make 
fenfible  or  real  Water,  unlefs  the  Glafs,  where  they  are  gather’d 
together,  be  mov’d  nearer  to  the  Mouth ; for  which  Reafon  it  is 
neceiTary  thus-to  exprefsit  when  we  fpeak  of  igneous  Particles,  which 
do  not  make  a fenfible  or  real  Fire  in  the  Air,  unlefs  when  gather’d  to- 
gether in  one  Body,  from  whence  they  break  out  into  Lightening, 
Thunder  and  the  like. 

Fifthly j Air  may  be  fometimes  full  of  Vapours,-,  and  fometimes 
deftitute  of  them  : The  Air  is  fill’d  by  their  Infinuation,  and  eva* 
cuated  by  their  Agitation  or  Preffion,  even  as  a Net  grows  dry 
through  Agitation,  or  a Sponge  or  wet  Cloth  by  Preffion;.  Air 
alfo  may  be  fill’d  or  clear’d  of  Vapours,  fometimes  {lowly  and  fome^ 
times  quickly  ; when  the  Air  is  clear’d  of  Vapours  flowly,  it  re- 
covers its  Elaterium  and  Weight  fiowly  again,  but  when  it  is 
clear’d  quickly  it  foon  recovers  its  loft  Particles  ; from  all  which 
follows  the  flow  or  precipitate  Rife  of  the  Mercury,  which  comes 
to  pafs  immediately  after  the  Air  has  recover’d  its  Weight,  but 
more  flowly  from  its  Condenfation. 

Sixthly.,  It  muft  be  obferv’d,  that  when  more  igneous 
than  aqueous  Particles  abound  in  the  Air,  the  Effect  of  Fire 
follows,  which  overcomes  the  Activity  of  the  other  Agent 
of  Water,  from  whence  the  Heat  and  Rarefabtion  of  the  Air 
follows  alfo.  And  when  the  Particles  of  Water  fuperabound,  then  cold 
and  condens’d  Air  follows.  And  if  Heat  and  Cold  be  equally 
join’d  in  one  Foot  of  Air  (as  is  I.  think  elfewhere  hinted  at) 
it  will  fo.  temper  their  Influxes,  and  in  a ftated  certain  Time  will 
conftitute  fuchan  Air,  that  from  thence  will  follow  a moderate  Eleva- 
tion of  the  Mercury,  which  will  be  chang’d  again  by  the  Occafion 
of  other  Particles,  either  of  Water  or  Fire.  And  truly  here  is 
difcover’d  the  various  Combination  of  thefe  Particles,  as  well  to 
the  Elevation  as  Depreffion  of  the  Mercury  ; neither  does  any 
certain  Tempeft  add  any  thing  of  itfelf  to  the  Elaterium  or 
Weight  of  the  Air,  but  on  the  contrary  clears  it. . 

For  firft  of  all  the  Weight  of  the  Air  is  equal  both  in  Winter 
and  Summer,  becaufe  in  the  Winter,  a condenfing.  Cold  prevails; 
and  in  the  Summer,  the  Material  of.  new  Air,  which  is  continu- 
ally elevated  by  the  Sun,  (even  as  the  Smoak  which  we  fee  in  a 
ferene  Sky,  which  we  fee  drawn  by  the  Heat  of  the  Sun 
from  dry  Ground)  is  nothing  elfe  but  that  new  Material  for 
Air  which  I.  have  been  juft  now  defcribing. . F.rom 
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From  whence  it  may  be  gather’d,  that  the  Weight  of  Ait- 
may  be  equal,  whether  the  Air  be  ferene  or  rainy  ; if  it  rains,  a 
condenfing  Cold  may  from  fome  other  Caufe  abound,  if  ferene 
and  fair  a rarifying  Heat ; fo  alfo  there  may  be  a greater  Weight 
of  Air  when  there  are  Clouds,  and  letter  when  there  are  none  ; 
if  the  _ Winds  _ blow  it  will  weigh  lefs,  if  the  Clouds  are  high  and’ 
the  Air  is  quiet,  it  will  gravitate  more,  becaufe  (as  has  been  be- 
fore obferv’d)  when  there  is  a greater  Quantity  of  Air  below  than 
there  is  above,  the  fuperior  Clouds  do  not  exert  their  Elaterium  or 
fpring  fo  much  as  when  there  is  a leffer. 

I n the  fecond  Place,  Air  may  be  condens’d  in  Summer 
as  well  as  Winter,  by  reafon  of  thofe  cold  Particles  which  are 
brought  by  the  Force  of  North  Winds  into  thofe  Parts,  and  in- 
deed in  fuch  a Plenty,  that  they  may  not  only  hinder  the  Rare- 
faction of  the  Air,  but  condenfe  it  in  the  fame  Manner  as  it  us’d 
to  be  condens’d  in  the  Winter  ; and  this  I have  been  told  fome- 
times  happens  even  in  Spain  and  other  warm  Regions,  where  the 
Colds  rulh  down  from  theMountains  with  fo  great  a Violence,  (being 
there  lodg’d  by  the  northern  Winds)  that  it  ftrikes  the  Inhabitants  as 
it  were  dead  and  benumb’d  at  once.  In  like  Manner  Air  may  be 
ratified  by  Heat  as  well  in.  Winter  as  Summer,  becaufe  fuch  a 
Number  of  warm  Spirits  may  be  fent  from  the  South,  as  may 
render  the  Air  more  warm,  from  which  neceffarily  follows  the  Lofs 
ofAir’sEquiponderacy,andconfequently  the  Defcent  of  the  Mercury. 

And  thus  have  I from  Gobart and  other  learned  Authors,  en- 
deavour’d to  ftate  the  Reafons,  of  the  different  Gravities  of  the 
Air ; at  different  Seafons  and  Times,  the  greateft  whereof  is  indeed 
from  Air  congregated  and  blown  together  by  the  blowing  of 
Winds  againft  Hills  or  Mountains,  or  by  meeting  and  clafhing 
with  Air  of  the  fame  or  like  Nature. 

I fhall  but  juft  anfwer  one  or  two  Objections  more  before  I 
draw  towards  a Conclufion  of  this  Chapter. 

I t has  been  objected  by  the  Enemies  to  the  Barometer,  that 
the  flow  Afcent  of  the  Mercury,  adds  nothing  to  the  future 
Serenity  of  the  Weather  - becaufe  by  Obfervation  it  has  appear’d 
to  rife,  and  yet  the  third  Day  it  rain’d ; the  Truth  of  which 
Fact  is  allow’d,  for  that  two  Days  were  not  fufficient  for  the 
Purgation  of  the  Air,  more  Time  being  required  for  the  drying 
of  Linnen  much  moiftned  with  Water,  than  that  which  is  tin- 
ctur’d by  a fmall  fprinkling  only.  Air  dry’d,  and  comprefs’d  as  it 
were  of  all  its  Parts,  requires  a moift  Sky  for  many  Days 
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“ bles,  as  pofiible,  fbould  be  left  in  the  Mercury.  Then  the 
« Tube,  being  hop’d  with  the  Finger,  and  inverted,  was  open’d 
« into  a long,  (lender,  cylindrical  Box,  half  fill’d  with  Quickfil- 
« ver  , when  that  in  the  Tube  fubfiding,  and  a Piece  of  Paper 
« being  pafted  level  to  its  upper  Surface,  the  Box  and  Tube 
« were,  by  Strings,  carefully  let  down  into  the  Receiver;  and 
« the  Cover,  by  means  of  this  Hole,  flipt  along  as  much  of  the 
“ Tube,  as  reach’d  above  the  Top  of  the  Receiver:  The  Inter- 
« val  left  betwixt  the  Sides  of  the  Hole,  and  thofe  of  the  Tube, 

“ being  exquifitely  fill’d  up  with  melted  Diachylon  ; and  the 
« round  Chink,  betwixt  the  Cover  and  the  Receiver,  were  likewife, 

“ very  carefully  clos’d;  upon  which  Clofure,  there  appear’d  no 
« Change  in  the  Height  of  the  mercurial  Cylinder  ; whence  the 
« Air  feems  to  bear  upon  the  Mercury,  rather  by  Virtue  of  its 
« Spring,  than  of  its  Weight;  fince  its  Weight  could  not  be  fup- 
“ pos’d  to  amount  to  above  two  or  three  Ounces ; which  is  in- 
“ confiderable,  in  Comparifon  of  fuch  a Cylinder  of  Mercury- 
“ as  it  would  fuftain.  Now  the  Sucker  was  drawn  down,  and 
“ immediately,  upon  the  Evacuation  of  a Cylinder  of  Air,  out 
w of  the  Receiver,  the  Quickfilver  in  the  Tube  fubfided ; and 

“ Notice  being  carefully  taken  of  the  Place  where  it  ftop’d,  we 

“ work’d  the  Pump  again,  and  mark’d  how  low  the  Quickfilver 
<{  fell  at  the  fecond  Exfudion  : But,  continuing  thus,  we  were  foon 
“ hinder’d  from  accurately  marking  the  Stages  in  its  Defcent, 
“ becaufe  it  prefently  funk  below  the  Top  of  the  Receiver:  So 
“ that  we  could,  from  hence,  only  mark  it  by  the  Eye.  And 
“ continuing  pumping,  for  about  a quarter  of  an  Hour,  we  could 
“ not  bring  the  Quickfilver,  in  the  Tube,  totally  to  fubfide.  Then 
“ we  let  in  fome  Air ; upon  which,  the  Mercury  began  to  re- 
“ afcend  in  the  Tube,  and  continued  mounting,  till  having  re- 
“ turn’d  the  Key,  it  immediately  refted  at  the  Height  it  had  then 
“ attain’d.  And  fo,  by  turning,  and  returning  the  Key,  we  did, 

“ leveral  Times,  fimpel  it  upwards,  and  check  its  Afcent ; till, 

at  Length,  admitting  as  much  of  the  external  Air,  as  would 
“ come  in,  the  Quickfilver  was  impell’d  up,  almoft,  to  its  firfi: 
“ Height;  which  it  could  not  fully  regain,  becaufe  fome  little  Par- 
“ tides  of  Air  were  lodg’d  among  thofe  of  the  Quickfilver,  and 
“ rofe  in  Bubbles  to  the  Top  of  the  Tube. 

“It  is  remarkable,  that  having,  two  or  three  Times,  try’d  this 
“ Experiment,  in  a fmall  Veflel  ; upon  the  very  firfi:  Cylinder  of 
“ Air  that  was  drawn  out  of  the  Receiver,  the  Mercury  fell,  in 

“ the 
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“ the  Tube,  18  Inches  and  a half ; and,  at  another  Time,  19 
“ Inches  and  a half. 

“ W e,  likewife,  made  the  Experiment  in  a Tube  lefs  than  two 
“ Feet  in  Length  ; and,  when  there  was  fo  much  Air  drawn  out 
“ of  the  Receiver,  that  the  remaining  Part  could  not  counter- 
“ balance  the  mercurial  Cylinder,  it  fell  above  a Span  at  the 
“ firft  Stroke;  and  the  external  Air  being  let  in,  impell’d  it  up 
“ again,  almoft  to  the  Top  of  the  Tube  : So  little  matters  it, 
“ how  heavy  or  light  the  Cylinder  of  Quickfilver  be,  provided  its 
u Gravity  overpower  the  Preflure  of  as  much  external  Air,  as 
“ bears  upon  the  Surface  of  that  Mercury  into  which  it  is  to 
“ fall. 

“ Lastly,  we  obferv’d,  that  if  more  Air  were  impell’d  up, 
u by  the  Pump,  into  the  Receiver,  after  the  Quickfilver  had  re- 
“ gain’d  its  ufual  Standard  in  the  Tube,  it  would  afcend  ftill 
“ higher ; and  immediately,  upon  letting  out  that  Air,  fall  again 
“ to  the  Height  it  refted  at  before. 

“ But,  in  order  to  fill  the  Torricellian  Tube  with  Exa&nefs, 
“ the  Edges  of  the  open  End  fhould  be  made  even,  and  turned 
“ inwards,  that  fo  the  Orifice,  not  much  exceeding  a quarter  of 
“ an  Inch  in  Diameter,  may  be  the  more  eafily,  and  exattly  ftop’d 
“ by  the  Finger ; between  which,  and  the  Quickfilver,  that  there 
“ may  be  no  Air  intercepted,  it  is  requifite  that  the  Tube  be 
“ perfectly  full,  that  the  Finger,  preffing  upon  the  protuberant 
“ Mercury,  may  rather  throw  fome  out,  than  not  find  enough  to 
a keep  out  the  Air  exaftly.  It  is,  alfo,  an  ufeful  Way,  not  quite 
“ to  fill  the  Tube,  but  to  leave,  near  the  Top,  about  a quar- 
“ ter  of  an  Inch  empty:  For,  if  you  then  flop  the  open  End, 
“ and  invert  the  Tube,  that  quarter  of  an  Inch  of  Air,  will 

“ afcend  in  a great  Bubble  to  the  Top ; and,  in  its  Paffage,  lick 

“ up  all  the  little  Bubbles,  and  unite  them  with  itfelf,  into  one 
“ great  one.  So  that,  if  by  re-inverting  the  Tube,  you  let  that 

“ Bubble  return  to  the  open  End  of  it,  you  will  have  a much 

c‘  clofer  mercurial  Cylinder  than  before,  and  need  add  but  a very 
“ little  Quickfilver  more,  to  fill  up  the  Tube  exactly.  And, 
“ laftly,  as  for  fuch  little  and  invifible  Parcels  of  Air,  which  can- 
“ not  be  thus  gather’d  up,  you  may  endeavour,  before  you  in- 
“ vert  the  Tube,  to  free  the  Quickfilver  from  them,  by  fhaking 
“ the  Glafs,  and  gently  knocking  on  the  Outfide  of  it,  after  every 
“ little  Parcel  of  Quickfilver  is  pour’d  in  ; and  afterwards,  forcing 
“ the  Bubbles  to  difclofe  themfelves,  and  break,  by  applying  a 
“ hot  Iron  near  the  Top  of  the  Glafs;  which  will  raife  the  Bub- 

F f “ bles 
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« bles  fo  powerfully,  as  to  make  the  Mercury  appear  to  boil. 
« I remember,  that  by  carefully  filling  a fhort  Tube,  tho’  not 
“ quite  free  from  Air,  we  have  made  the  mercurial  Cylinder 
« reach  to  thirty  Inches,  and  above  an  Eighth  ; which  is  men- 
“ tion’d,  becaufe  we  have  found,  by  Experience,  that  in  fhort 
“ Tubes,  a little  Air  is  more  prejudicial  to  the  Experiment,  than 

“ in  long  ones.  . , 

“We  fill’d  a glafs  Tube,  about  three  Feet  long,  with  Mer- 
“ cury  ; and  having  inverted  it  into  a VdTel  of  other  Quickfilver, 
“ that  in  the  Tube  fell  down  to  its  ufual  Height ; leaving  iome 
“ little  Particles  of  Air  in  the  Space  it  had  defeated : For,  by  the 
“ Application  of  hot  Bodies,  to  the  upper  Part  of  the  Tube,  the 
“ Quickfilver  would  be  a little  deprefs’d.  Laftly,  having  put  both 
“ the  Tube,  and  the  Veffel  whereon  it  relied,  into  a conveni- 
“ ent  wooden  Frame,  we  placed  them  together  in  a Window  of 
“ my  Chamber. 

« And  during  feveral  Weeks,  that  the  Tube  continu  d there, 

I obferv’d,  that  the  Quickfilver  did  fometimes  faintly  imitate 
“ the  Liquor  of  a Thermometer;  fubfiding  a little  in  warm,  and 
“ riling  a little  in  cold  Weather ; which  we  afcrib’d  to  the  greater, 
« or  letter  Preffure  of  that  little  Air,  which  remain’d  at  the 
“ Top  of  the  Tube,  expanded,  or  condens’d  by  the  Heat,  or 
“ Cold  of  the  ambient  Air.  But,  the  Quickfilver  often  rofe,  and 
a feii  jn  the  Tube  very  confiderably,  after  a Manner,  quite  con- 
tt  trary  to  that  of  Weather-glaffes,  where  Air  is  at  the  Top;  for 
“ fometimes,  I obferv’d  it,  in  very  cold  Weather,  to  fink  much 
“ lower,  than  at  other  Times,  when  the  Air  was  comparatively 
« warmer.  And  fometimes,  the  Quickfilver  would,  for  feveral 
“ Days  together,  reft  almoft  at  the  fame  Height ; and  at  others, 
<«  it  would  in  the  Compafs  of  the  fame  Day  confiderably  vary 
“ its  Altitude , tho’  there  appear’d  no  Change,  either  in  the 
“ Air  abroad,  or  in  the  Temper  of  that  within  my  Room,  nor 
“ in  any  thing  elfe,  to  which  fuch  a Change  could  reafonably  be 
“ imputed ; efpecially  confidering,  that  the  Space  wherein  the 
« Mercury  continued  unfettled  for  five  Weeks,  amounted  to  full 
“ two  Inches  ; defending  in  that  Time  about  -V  of  an  Inch  from 
“ the  Place  where  it  firft  fettled,  and  afcending  the  other  Inch, 
« and  -V;  and  when  we  took  the  Tube  out  of  the  Frame,  after  it 
« had  ftaid  there  part  of  November  j and  December  j a large  Fire 
“ being  then  in  the  Room,  we  found  the  mercurial  Cylinder  to 
“ be  above  the  upper  Surface  of  the  ftagnant  Mercury  29 
“ ± Inches. 
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a Such  an  Inequality  in  the  Rife,  and  Fall  of  the  Mercury 
u will,  I fear,  render  it  difficult  to  determine  by  the  Barometer, 
“ whether  the  Moon  be  the  Caufe  of  the  Tides,  efpecially,  till 
“ the  Reafon  of  this  odd  Phenomenon  be  certainly  known ; which 
feems.  principally  to  depend  upon  conliderable  Alterations  in  the 
“ Air,  in  Point  of  Rarity  and  Denfity, 

“ ]9-  W e took  a Tube  of  Glafs,  about  four  Feet  in  Length, 
“ hermetically  feal’d  at  one  End,  fill’d  it  with  common  Water, 
“ and  inverted  the  open  End,  beneath  the  Surface  of  a VelTel  of 
“ Water.  Then  this  VelTel,  with  the  Tube  in  it,  being  let  down 
“ into  the  Receiver,  the  Pump  was  fet  on  work;  when,  till  the 
“ Receiver  was  moderately  exhaufted,  the  Tube  continu’d  quite 
“ full  of  Water ; it  being  requifite,  that  a great  Part  of  the  Air 
contain’d  in  the  Receiver  fhould  be  drawn  out,  to  bring  the 
“ remaining  to  an  Equilibrium,  with  fo  fhort  a Cylinder  of  Wa- 
“ ter.  But,  when  once  the  Water  began  to  fall  in  the  Tube, 
a each  Exfu&ion  of  Air  made  it  defcend  a little  lower  ; tho’  no- 
“ thing  near  fo  much,  nor  fo  unequally,  as  the  Quickfilver  did. 
a The  loweft,  we  were  able  to  draw  down  the  Water,  was,  to 
“ about  a Foot  above  the  Surface  of  that  in  the  Veflel.  And, 
“ when  the  Water  was  drawn  down  thus  low,  we  found,  that 
u by  letting  in  the  outward  Air,  it  might  be  immediately  im- 
“ pell’d  up  again,  to  the  higher  Parts  of  the  Tube. 

“ Upon  making  this  Experiment  in  a fmall  Receiver,  we  ob- 
“ ferv’d,  that  at  the  firft  Exfuftion  of  the  Air,  the  Water  ufually 
“ fubfided  feveral  Inches ; and  at  the  fecond,  fometimes  near  two 
“ Feet;  whereupon  letting  in  the  external  Air,  the  Water  was 
“ impell’d  up,  with  a very  great  Velocity.” 

The  fame  learned  Author  Pag.  453.  of  his  Pneumatics,  that 
from  the  Computation  of  the  Weight  of  Air  to  Water,  it  might 
be  expected  ffiould  be  decided  the  great  Controverfy  about  the 
Height  of  the  Atmofphere 

To  conclude  this  Chapter  with  the  learned  Dr.  Clarke  in  his 
Notes  on  Rohault  and  in  Thilofoph.  Tranfac.  No.  181.  2y2.  this 
Difference  which  is  obferv’d  in  the  Gravity  of  the  Atmofphere 
(let  its  Height  be  what  it  will)  the  Reafon  (fays  he)  why  the 
Quickfilver  in  the  Barometer  fhould  ftand  lower, J when  the  Air 
is  thick,  dry  and  clear;  and  laftly  the  Barometer  varies  leaf!  be- 
tween the  d topics,  becaule  the  Wind  is  there  almoff  always 
gentle,  and  blows  the  fame  Way.  And  thus  much  of  the  Know- 
ledge of  Hydroftaticks  from  the  Barometer  and  other  Inftruments. 
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BOOK.  II. 


CHAP.  XVI. 


Of  Air  and  its  Effetfs  in  Hydroftaticks,  by  its  Elafticity : 
As  alfo  of  its  dilatation  and  Compnjfm. 

LASTICITY,  as  defin’d  by  Wallis  (Cap.  i. 

of  his  Mechanic  ks)  is  that  Body,  which,  being  thruft 
by  Force  out  of  its  own  proper  Place,  endeavours 
to  reftore  it  felf  again  to  its  primitive  Form  and  Fi- 
gure, and  that  vis  clafiica  has  its  Derivation  ab  ihixvva, 

_ ... - agito,  abigo,  excutio,  expello  ; and  that  is  of 

the  fame  Original ; which  e later  fignifies  in  our  Language  a Spring, 
from  the  fame  Root  that  Satire  or  Exjilire  fignifies  in  the  German 
and  T>anijh  Languages,  Springen  or  Springhen  s and  from  thence  a 
fpriney  Body  is  call’d  Corpus  Elajlicnm , an  elaftick  Body ; and  a 
Body  thus  elated  is  faid  to  be  endued  f-vi  elafiicd ) with  an  Elafticity 

or  Springinefs.  , . . 

It  fignifies  alfo,  and  perhaps  more  frequently  in  a metaphorical 

Senfe  germinare  , even  as  Buds  ( exfilianf)  that  is,  bud  oi  fpring  out 
of  a Tree  ■ and  from  thence  vernum  is  called  Spring,  becaufe  ’tis  chief- 
ly then  that  all  things  put  forth  : For  this  Reafon  alfo  a Fountain 

or  fmall  Rivulet  is  call’d  aqua  fattens,  a Spring,  ob  fahentem  aquam, 
as  Wallis  defines  it;  it  is  called  exfilire  alfo  from  the  Springing  of 
a Mine,  as  that  learned  Author  will  have  it. 

But  to  proceed,  As  a foft  Body  is  that  which  when  prefs  d yields 
to  the  Stroke,  and  lofes  its  former  Figure,  and  cannot  recover  ltfelf ; 
fo  an  elaftick  Body  is  that  which  tho’  it  yields  for  a while  to  the 
Stroke,  yet  can  afterwards  recover  its  former  Figure,  by  its  own  na- 
tural Power ; and  if  it  can  do  this  with  the  fame  Force,  as  that  which 
prels’d  upon  it,  we  fay  it  is  perfe&ly  elaftical. 
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Some  of  Note  there  are,  which  allow  little  or  no  Elafticity  to 
any  thing,  but  Air,  and  Marriotte  himfelf,  Pag.  68,  of  his  Hydrojia- 
ticksj  as  tranllated  by  Dr.  Defaguiliers,  fays  that  Water  has  no  fenfi- 
ble  Elafticity,  and  makes  (as  is  elfewhere  obferved)  an  equilibrium 
with  other  Bodies  only,  by  its  own  Weight  or  Impulfe  : But  the  la- 
borious Harris  (in  his  Lexicon  Technicum,  fub  titulo  E.J  fays,  If 
there  were  no  fuch  thing,  or  if  in  other  Words  this  Elafticity  was  not 
almoft  general,  the  Laws  of  Motion  found  out  by  Mathematicians* 
(who,  heretofore  I add,  knew  little  of  Hydroftaticks)  about  the 
Percuflion  of  Bodies,  would  hold  univerfally,  and  be  without  Ex- 
ception true,  and  the  Body  (as  Mr.  Keil  in  his  Introduction  ad  ve- 
ram  Thy/icam_,  Pag.  1 5 1)  would  move  jointly  that  Way  towards 
which  the  ftronger  Body  tended  before  the  Shock  or  Percuflion,  and 
with  a Celerity  eafily  determinable  by  the  Laws  of  Motion. 

But  becaufe  there  are  few  Bodies  (many  of  which  are  condens’d 
and  hardilh)  without  fome  Degrees  of  Elafticity,  even  foft  Clay,  Wax, 
call  Lead,  &c.  according  to  IV allis j containing  in  them  fome  Par- 
ticles of  elaftick  Matter:  From  hence  it  is  (I  fay)  that  Bodies  which 
ftrike  or  move  againft  one  another,  do  fpring,  recede,  or  leap  back, 
and  move  with  different  Degrees  of  Velocity,  fometimes  one  Way, 
or  fometimes  according  to  the  Direction  of  the  Line,  or  the  diffe- 
rent Degrees  of  Velocity  or  Strength  in  the  Percutient  or  Weight 
of  the  Body  percufs’d  or  ftruck  againft. 

If  you  imagine  (fays  a curious  Author  on  this  SubjeCl)  a String 
or  Wire  to  be  (train’d  or  faftned  firm  at  each  End;  then  ’tis  plain, 
that  if  the  middle  Part  of  the  String,  or  any  other,  be  drawn  by 
the  Hand,  or  prefs’d  by  a Weight  out  of  that  right  Pofition  in  which 
it  was  at  firft,  that  if  the  Force  which  moved  it,  be  not  greater  than 
the  elaftick  Force  of  the  String,  the  String  will  fly  back  again  ; and 
if  the  Weight  or  Body  be  not  removed,  it  will  drive  it  before  it,  as 
the  String  of  a Crofs-bow  doth  an  Arrow  or  a Bullet,  and  the  ac- 
quired Velocity  of  the  String  will  carry  it  beyond  its  firft  right  Pofi- 
tion towards  the  oppofite  Parts, and  that  fo  far  as  till  the  Motion  that 
Way  be  equal  to  the  Elafticity  of  the  String;  and  then  being  quite 
deftroy’d,  the  String  will  return  again  as  before:  And  thusfpringing 
forwards  and  backwards,  would  (abftracled  from  the  Refiftance  of 
the  Medium ) like  a double  Pendulum,  make  continual  Vi- 
brations. 

Thus  alfo,  if  you  fuppofe  any  Weight  to  fall  on  an  immovable, 
fix’d,  and  perfectly  elaftick  Body;  on  the  Contaft  of  each  with  the 
other,  the  Parts  of  the  elaftick  Body  will  fpring  back,  or  recede  in- 
wards, till  the  elaftick  Force  be  rais’d  up  equal  to  the  Momentum 

of 
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of  the  falling  Body,  and  then  this  latter,  ceafing  its  elaftick  Force, 
will  caft  the  Body  upwards,  or  from  it,  as  was  impell’d  againft  it, 
recovering  its  former  Figure  again ; but  if  both  the  Bodies  being 
elaftick,  neither  of  them  being  fix’d  or  movable,  then  the  elaftick 
Force  will  ad  equally  in  each  Body,  and  produce  equal  Mutations  of 
Motion. 

The  ufual  Methods  of  judging  whether  Bodies  are  endued  with 
this  elaftick  Quality  or  not,  is  to  enquire,  whether,  on  being  ftruck, 
they  give  any  "'Tinnitus  or  ringing  Sound,  or  indeed  any  fenfible 
Noife  ■ for  if  they  do,  you  may  in  fome  meafure  conclude  them  to 
' be  elaftical,  and  that  they  are  fo  in  Proportion  to  the  Strength 
and  Acutenefs  of  the  Sound  they  emit  : And  Wallis , Cap.  13. 

‘Prop.  1.  Tag-  692.  of  his  Mechanicks  aforefaid,  doubts  not  but  there 
is  an  elaftick  Quality  even  in  Marble,  Wood,  Earthen  Ware,  hard 
Metals  and  in  innumerable  other  things,  which  is  difcoverable  not 
only  by  the  Sound,  but  is  eafily  obferv’d  both  by  Infpedion  and 
Touch,  from  that  Shaking  and  Trembling  it  is  fo  notably  endued 

*thcil 

The  curious  and  inquifitive  Mechanick  and  Philofopher  Gobart 
fays,  (a)  That  Elafticity  is  caus’d  from  the  innate  Inclination  of 
its  Parts,  endeavouring  to  obtain  a larger  Space  for  themfelves. 
But  to  draw  towards  an  End,  and  to  conclude  this  preliminary  Dif- 
courfe  of  Elafticity,  let  us  fum  it  up  with  the  well  knowing  Wallis , 
who  in  his  ' Definitions , Cap.  13.  fays,  That  from  whence,  or  how- 
ever Yituated  this  Elafticity  in  Bodies  is,  he  does  not  pretend  to  en- 
quire nor  could  the  Nature  of  it  be  explain’d  fo  well  as  to  fatisfy 
either  the  Reader  or  himfelf  in  it.  It  is  fufficient,  that  there  is  fuch 
a thing  in  Nature,  that  when  it  is  prefs’d,  it  will  return  and  rife  a- 
aa}n-  but  how  this  Body  is  reftor’d  (efpecially  in  Air)  to  its  former 
Pofition,  no  body  can  perfectly  difcover : But  to  make  the  ftricfeft 
Enquiry  we  can  of  this  Force,  interfper’d  as  it  is  thro’  the  whole 
Compafs  of  Nature,  let  us  in  the  next  place  take  a View,  con- 
tain’d as  it  is,  under  the  general  Denominations  of  Elation,  or 
Springing  forwards,  and  of  Refilition  or  Reflexion,  the  reflecting  or 
leaping  back  ofBodies one  from  another;  to  which  may  be  prelimi- 
narily fet  down  what  relates  to  the  Explanation  of  Rarefaction,  Di- 
lantion  Extenfion,  or  the  Condenfation  or  Expanfion  of  Air. 

Gobart  tells  us  (Par.  1.  Tag.  102.  Praditt.J  That  Rarefaction 
is  not  to  be  confounded  with  Dilatation,  nor  Dilatation  with  Elafti- 

(a)  Elafticitas  fit  ab  innata  inclinatione  partium  conantium  ex  fe  majorem  locum  ob- 
tinere  (vid.  Par.  1.  Pag.  102.  of  bis  Tradat.  Philofoph  dc  Barometro.) 

city; 
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city  ; the  laft  Word  is  already  enlarged  upon,  as  endeavouring  to 
obtain  larger  Room  for  the  Motion  of  its  Parts,  Dilatation  ex- 
trinfick,  _ fo  as  that  the  Order  of  its  Parts  cannot  be  feparated,  but 
Rarefaftion  is  compos’d  in  this,  that  thereby  the  Order  of  its  Parts 
may  be  chang’d,  and  that  the  Parts  of  which  it  is  compos’d  ; may 
be  feparated  one  from  another  : On  this  Account  it  is,  that  Rare- 
faction is  made  by  the  Means  of  intromitted  Heat;  but  Dilatation 
by  the  Means  of  extrinfick  TraCtion,  or  the  IntromifTion  of  ano- 
ther Body  ; but  Elaiticity  by  fome  intrinfick  Means,  whereby  one 
Particle  of  Matter  a£ts  againft  another  of  its  own  Accord;  but  Ex- 
tenfion,  in  the  Order  of  which  it  is  faid  that  a Body  is  ratified, 
is  that  which  belongs  to  that  Body  the  Moment  of  its  Production. 

Nor.  are  thefe  Definitions  (efpecially  of  Air)  idle  Speculations  on- 
ly, but  real  and  effective  Truths,  and  fuch,  by  which  fome  of  the 
greateft  Phaenomenas  in  Nature  are  demonftrated  and  explain’d,  and 
which  is  efpecially  of  the  greateft  Ufe  in  Hydroflaticks. 

To  proceed  to  Fact;  Air  (as  our  ingenuous  Author  has  it  ) has 
a Property  greater  than  other  Liquids ; that  is,  that  it  can  take  up 
a greater  or  a leffer  Space,  according  as  it  it  comprefs’d  with  a 
different  Force;  and  as  foon  as  that  Force  is  diminifh’d,  it  expands 
it  felf  again,  and  by  Reafon  of  this  Analogy  of  the  EffeCts  of  Air 
with  other  Bodies  it  is  call’d  elaflick. 

< That  Air  may  be  comprefs’d,  appears  from  what  the  oft-quo- 
ted Boyle I.  Wallis > and  other  Authors  have  faid  of  extenfive  Soli- 
dity, Vacuity,  &c.  particularly  in  the  Experiment  cf  a Syringe,  fo 
clofe  fhut  up  at  the  End  of  it,  that  it  will  refift  the  Piflon  fo,  as 
that  you  can’t  thruft  it  to  the  Bottom  with  all  the  Force  you  have, 
unlefs  you  break  your  Machine.  That  Air  may  be  dilated,  will 
appear  from  the  following  Experiment  made  ufe  of  by  Gravefande 
and  others,  {Fig.  5.  Tab.  Seq.  Exfer.  1.)  Take  the  Tube  AB 
clofe  at  the  End  A,  and  pour  Mercury  into  it,  fo  that  there  may  be 
fome  Air  left  in  the  Tube,  which  when  in  the  State  of  the  external 
Air,  will  take  up  the  Space  A C,  if  the  End  B of  the  Tube  be 
immers’d  into  Mercury  in  a Veffel,  the  Mercury  in  the  Tube  will 
defcend  to  g , and  there  remain.  The  Height  / g differs  very  much 
from  the  Height  of  the  Mercury  in  the  firft  Experiment  of  the 
aforegoing  Chapter  (concerning  the  Gravity  of  Air)  which  does  not 
arife  from  the  Gravity  of  the  Air  in  the  Tube  ; for  its  Weight  is 
too  little  to  produce  any  fenfible  Difference  in  the  Height  of  the 
Mercury  : The  Expanfion  of  the  Air  caufes  this  Effeft ; and  from 
this  Experiment  may  be  deduc’d  this  Rule,  that  the  Air  dilates  it 

felf 
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felf  in  fuch  a Manner,  that  the  Space  taken  up  by  it  is  always  in- 
verfely,  as  the  Force  by  which  it  is  comprefs’d. 

(To  proceed)  the  Compreffion  by  which  the  common  or  ex- 
ternal Air  is  comprefs’d,  is  the  Weight  of  the  whole  Atmolphere, 
which  is  equal  to  a Pillar  of  Mercury  of  the  Height,  hf  Fig.  i. 
Therefore  the  Compreffive  Force  may  be  exprefs’d  by  that  Height  j 
the  Space  taken  up  by  the  Air  in  the  Tube  where  it  is  comprefs’d 
by  fuch  a Force  is  A C. 

But  in  the  laft  Experiment  the  Preffure  of  the  Atmofphere 
exerts  two  Effe&s ; it  fuftains  the  Pillar  of  Mercury  igJ  and  it  re- 
duces the  Air  in  the  Tube  to  the  Space  g A ; if  the  Force  g i be 
fubftra&ed  from  the  Preffure  of  the  whole  Atmofphere  ; that  is, 
if  the  Height  gi  be  taken  from  the  Height  hf{Fig.  i.)  there 
remains  the  Force  by  which  the  Air  is  comprefs’d  in  the  upper  Part 
of  the  Tube ; but  this  Difference  of  the  Heights  of  the  Mercury  hf 
and£  i is  always  to  £/as  AC  to  A g\  that  is,  their  Forces  are  in- 
verfely  as  the  Spaces ; and  this  Rule  holds  good  alfo  in  comprefs’d 
Air. 

Experiment  2.  ( [Fig . 6.  Tab.Seq .)  Take  a Curve  Tube  A BCD 
open  at  A,  and  flout  at  D ; let  the  Part  B C be  filled  with  Mercury, 
fo  that  the  Part  C D may  contain  Air  of  the  fame  State  or  Te- 
nour  as  the  external  Air ; therefore  the  comprefling  Force  is  the 
Column  of  Mercury,  whofe  Height  is  hf.  Fig.  1.  and  by  this 
Height  muft  this  Force  be  exprefs’d,  as  in  the  foregoing  Experiment; 
let  the  Space  taken  up  by  the  Air  beCD;  pour  Mercury  into  the 
Tube  A.  B.  that  it  may  rife  up  to  g ; the  Air  will  be  reduc’d  to 
the  Space  e D : Now  the  compreffing  Force  afts  as  ftrongly  as  a 
Column  of  Mercury  of  the  Height  f gJ  and  alfo  the  Preffure  of 
the  external  Air  upon  the  Surface  g of  the  Mercury  ; this  Force  is 
exprefs’d  by  the  Heights  fg  in  this  Figure,  and  hf  in  Fig.  1 . and 
this  Sum  is  always  to  hf  {Fig.  5.)  as  C D to  cD  ;s  and  again  the 
Forces  are  inverfly  as  the  Spaces. 

The  Elafticity  of  Air  is  alfo  as  its  Denfity  ; for  the  laft  is  in- 
verfly as  the  Space  taken  up  by  the  Air  ; therefore  the  Force 
compreffing  the  Air,  is  equal  to  that  by  which  the  Air  en- 
deavours to  expand  it  felf ; and  this  Force  is  its  Elafticity  : And 
hence  it  follows,  that  the  Air  in  which  we  live  is  reduc’d  to  the 
Denfity  which  it  has  near  the  Earth,  by  the  Preffure  of  the 
fuperincumbent  Air,  and  that  it  is  more  or  lefs  comprefs’d,  accor- 
ding to  the  greater  or  leffer  Weight  of  the  Atmofphere;  for  which 
Realon  alfo  the  Air  is  lefs  denfe  at  the  Top  of  a Mountain,  than  at 
the  Foot  of  it,  as  being  comprefs’d  by  a lefs  Weight ; that  is,  in 

what 
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when  you  are  at  the  Top  of  the  Mountain  ; for  as  you  are  nearer 
the  Top  of  the  Mountain,  you  confequently  have  lefs  Weight  lying 
upon  you,  a Column  of  Mercury,  (as  has  been  before  obferv’d) 
ot  29  Inches  high  below  a Hill,  being  of  equal  Weight  with  the 
Preffure  of  the  Atmofphere,  and  a Pillar  of  Water  of  thirty  two 
Foot  equal  thereto;  but  if  you  carry  a Tube  of  Mercury  to  the 
Top  of  a Hill  100  Foot  high,  the  Mercury  will  defeend  a Quar- 
ter of  an  Inch. Which  proves  that  the  lower  Air  is  elalKck, 

or  expands  it  felf  according  to  its  Denfity. 

How  far  this  Property  of  expanding  it  felf  is  or  may  be  ex- 
tended, is  not  certainly  known,  notwithftanding  the  curious  Expe- 
riments that  have  been  made  to  find  it  out;  and  it  is  very  probable 
that  it  cannot  be  determin’d  by  any  Experiments:  Neverthelefs,  (as 
a learned  Author  has  it)  it  you  compare  the  following  Experi- 
ment with  the  Experiment  of  the  Air  comprefs’d  in  a Pump,  it 
will  appear  that  the  Air  may  take  up  20000  Times  more  Space  in 
one  Cafe  than  in  the  other. 

(Experiment  3.  Fig.  7.  and  Tab.  Seq.')  Let  the  Glafs  AB 
about  fourteen  Inches  high  be  exactly  fill’d  with  Water,  having 
a Brafs  Cap  fix’d  to  the  End  of  it  at  B,  by  which  it  is  to  be  ferewed 
to  the  Pump,  that  is  before  mention’d,  iyid.  Fig.  6.)  by  drawing 
out  the  Pifion  of  the  Pump,  the  Water  defeends  into  it  by  its 
Gravity;  and  the  Place  in  the  upper  Part  of  the  Velfel  is  void 
both  of  Air  and  Water  ; the  Air  Bubbles  in  the  Water  which  are 
now  comprefs’d,  becaufe  the  Air  does  not  aft  upon  the  Surface 
of  the  Water,  expand  themfelves,  and  rife  up  to  the  Surface  of  the 
Water  ; in  that  Motion  the  Bubbles  are  accelerated,  fo  as  not  to 
be  feen  diftinftly  near  the  Surface ; upon  Account  of  their  very 
fwift  Motion,  they  alfo  grow  bigger,  as  they  afeend  ; and  if  you 
compare  the  Diameter  of  a Bubble  at  B with  its  Diameter,  when  it 
is  come  almoft  up  to  the  Surface  of  the  Water,  or  fo  far  as  it  may 
be  feen  diftinffly,  its  Diameter  is  at  leaft  four  Times  as  great  as 
before. 

The  upper  Part  of  the  Glafs,  as  was  faid  before,  is  intirely  void 
of  Air,  for  the  fmall  Quantity  of  Air,  which  is  continually  going 
out  of  the  Water  is  not  to  be  taken  Notice  of  here  ; therefore  the 
Air  Bubbles  near  B,  which  are  a Foot  below  the  Surface  of  the  Wa- 
ter, are  comprefs’d  only  by  the  fuperincumbent  Water;  which 
Preffure  is  to  the  Preffure  of  the  Atmofphere  nearly,  as  one  to  thir- 
ty two,  in  which  Ratio  alfo  is  the  Space  taken  up  by  the  Air, 
when  ’tis  comprefs’d  by  the  whole  Atmofphere,  to  the  Space  taken 
up  in  the  Bubbles  before  mention’d ; their  Diameter,  as  has  been 
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before  laid,  becoming  equal : That  is,  the  Bubble  becoming  fixty 
four  Times  greater  than  at  firft  it  was,  and  fo  the  Space  taken  up 
by  the  Air  in  this  la  ft  Cafe,  is  to  the  Space  ( as  the  learned  Grave- 
fande  has  it  ) taken  up  by  the  Air  when  comprefs’d  by  the  At- 
mofphere,  as  64  Times  32  (which  is  as  2048)  to  1;  and  the  Air 
comprefs’d  by  the  Atmofphere  is  reduft  ( according  to  that  learned 
Author)  to  a*  Space  ten  Times  lefs  in  a forcing  Pump  ; and  fo  the 
Denftty  of  this  Air  is  as  20480  to  1.  and  extracting  the  Cube 
Roots  of  thefe  Numbers,  we  fliall  find,  that  the  Diftances  between 
the  Center  of  Particles  in  thefe  two  Cafes  are  according  to  that  ela- 
borate Author,  as  27  to  1. 

But  Wallis in  Cap.  14.  Trop.  13.  of  his  Mechanicks,  allows  a 
great  deal  more  for  the  different  Degrees  of  Dilatation  and  Com- 
preffion,  than  Gravefande  does,  and  makes  the  Difference  between 
Air  comprefsM  into  its  narroweft  Compafs,  and  Air  dilated  to  its 
greateft,  to  be  as  550000  to  1.  concerning  which,  I fhall,  in  the 
Courfe  of  this  Chapter,  treat  more  at  large;  and  to  proceed 
with  the  learned  Gravefande , fliall  conclude,  that  the  Particles  of 
Air  are  not  of  the  fame  Nature  with  other  elaftick  Bodies,  for  that 
the  fingle  Particles  cannot  expand  themfelves  every  Way  into  2 7 
Times  the  Space,  and  fo  be  encreas’d  2000  Times,  preferving  their 
Surfaces  free  from  every  Inequality  or  Angle,  becaufe  in  every 
Expanfion  or  Compreflion,  the  Parts  are  eafily  mov’d  one  againft 
another;  but  as  Air  (which  feems  to  agree  with  what  Wallis 
has  advanc’d  on  this  Head)  may  be  dilated  much  more  than  in 
this  Experiment,  it  follows,  that  the  Air  confifts  of  Particles, 
which  do  not  adhere  or  touch,  but  repel  each  other.  To  conclude 
what  may  be  faid  as  to  the  Elafticity  of  Air  ; the  Ejfetts  of  it  are 
the  fame  as  its  Gravity and  included  Air  a<fts  by  its  Elafticity, 
juft  as  Air  not  included  does  by  its  Weight. 

The  Air  which  is  loaded  by  the  Weight  of  the  whole  At- 
mofphere, preffing  every  Way  from  the  very  Nature  of  Liquids  ; 
and  the  Force  which  it  exerts  does  no  Way  depend  upon  that  Ela- 
fticity ; becaufe  whether  you  fuppofe  Elafticity  or  not,  that  Force 
which  arifes  from  the  Weight  of  the  Atmofphere,  and  is  equal  to 
it,  can  no  Way  be  chang’d,  but  as  the  Air  is  elaftick,  it  is  reduc’d 
to  fuch  a Space  by  the  Weight  of  the  Atmofphere,  that  the  Ela- 
fticity which  reacts  againft  the  comprefling  Weight  is  equal  to  that 
Weight.  But  the  Elafticity  encreafes,  and  diminifhes  as  the 
Diftance  of  the  Particles  diminifhes  or  encreafes  ; and  it  is  no  Mat- 
ter whether  the  Air  be  retain’d  in  a certain  Space  by  the  Weight 
of  the  Atmofphere,  or  any  other  Way ; for  in  either  Cafe  it  will 
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expand  it  felf  with  the  fame  Force,  and  prefs  every  Way  ; there- 
fore it  the  Air  near  the  Earth  be  included  in  any  Veflel,  without 
altering  its  Denfity,  the  Preffure  of  the  included  Air  will  be  equal 
to  the  whole  Weight  of  the  Atmofphere. 

Experiment  4th,  Fig.  8*  Tab.  Seq.  Take  the  Tube  before 
mention  d,  and  immerge  it  in  Mercury  included  in  the  Glafs  D C 
fo  that  the  Air  prefling  upon  the  Surface  of  the  Mercury  contain’d 
t 6 e ’ ma^  ^iave  no  Communication  with  the  external  Air  • 
the  Mercury  in  the  Tube  is  fuftain’d  at  the  fame  Height  by  the 
-ilaltioity  of  the  Air,  as  it  was  fuftain’d  in  the  open  Air. 

And  this  lets  us  in  to  the  clear  Underftanding  of  a Doubt  that  I 
have  my  felf  (as  well  as  others)  often  had,  how  it  comes  to  pafs, 
that  the  Water  is  rais’d  in  Pumps  to  the  fame  Height  in  an  enclos’d 
Well  as  it  does  in  the  open  Air  in  a Pond,  or  the  like,  when  there 
is  a Kerb,  and  other  pitching  and  paving  that  fhuts  it  up  fo,  as 
that  not  only  the  Weight  of  the  Atmofphere,  (but  even  the  ambient 
An  it  felf)  Hems  to  be  in  a great  Meafure  excluded.  And  of  this 
tiie  learned  Defagutlters  in  his  experimental  Philofophy  has  given 
us  fome  notable  Experiments.  1 y h 

Which  as  well  as  other  Experiments,  which  have  been  exhibited 

r rrP-1''  ™eteuihers>.  MeJJieurs  Watts  J Hauksbee, , and  others,  are 
lufhcient  Demonftrations  of  the  Elafticity  of  Air.  But  to  be  a 
little  more  particular,  or  in  other  Words  explain  and  give  an  Ac- 
count of  the  Extent  of  this  Elafticity,  which  is  difccver’d  by  the 
pneumatick  and  other  Engines,  1 

Varenius  Prof.  10.  Bar.  329.  of  his  Geogr.  &c.  relates,  That 
the  moft  ferene  Air  (as  he  there  calls  it)  may  be  fo  ratified  by  Fire 
that  it  will  take  up  a feventy  times  larger  Space  than  before  • and 
that  it  may  be  fo  condens’d  by  a Pneumatick  Wind  Gun,  that  it  will 
take  up  only  a 6olh  Part  of  the  former  Space  : But  Wallis  Cap.  1, 

I rof.  xm.  gives  a more  perfeft  Hiftory  of  the  Compreftion  or  Dila- 
tationol  which  Air  is  capable,  than  any  other  Author  yet  extant. 

iTcrfemms  (he  tells  us)  long  ago,  by  the  Help  of  an  Hftiople, 
dilated  the  Air  lo,  that  it  took  up  a Space  70  times  as  big  as  it  was 
at  hilt.  And  Mr.  Boyle , without  the  Help  of  Heat,  by  ela- 

onI^,  with  which  Air  was  indued,  found  it  to  dilate 
it  le.r  fir  it  to  9,  then  to  31,  then  to  60,  and  then  to  more  than  \ sc, 
which  is  above  double  to  what  Merfennus  could  by  the  Help  of' 
Heat  arrive  to,  as  may  be  feen  inter  ex  ferment  a fua  Thyficowe- 
chanica  de  aeris  e later e}  &c.  Exferim.  e.  but  after  that,  in  his 

Expei  iments  de  admiranda  aeris  rarefadlione , he  relates  that  in 
eiffht  nr  mnp  Vpprc  m t-  r t . . 


* 1 ' -\r  • t'j  wi'fi  tutiGj  iCidLCb  Liid 

■iQht  01  nine  Years  time,  he  found  that  Expanfion  to  be  much 
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Ser  even  to  8000  (by  its  elaftick  Force  only,  without  the  Help  of 
Heat)  and  having  repeated  the  Experiment  at  which  our  Author 
wasalfo  prefent,  he  found  them  to  be  larger  foil;  and  therefore  ha- 
ving appointed  another  Experiment,  he  found  it  come  to  1 coco  and 
above  (to  ufe  his  own  Words,  Ta.  737.)  Sen  flufquam  decies  Mil- 
lecuplum  loci  auam  prius  occiifaverat  idem  aerJ  mo  ad  lociim  occu- 
pandum  vicibns , 137  ^9-  And  amongft  other  very  ingenious  and 
fubtle  Experiments  of  the  Florentine  (! Torricelli  tis  luppos  d he 
means)  publifh’d  a few  Years  fince,  it  is  found  that  Air,  not  only 
without  the  Help  of  Heat,  but  alfo  without  the  Help  of  the  An 
Pump  which  Mr.  Boyle  ufed,  might  expand  it  felt  into  a Space  173 

times  larger  than  at  firft  it  was.  r 

In  like  Manner,  as  to  its  Compreflion  from  the  Experiments  of 
Merfennus  juft  mention’d  in  a Scloppetum.  or  Wind  Gun,  where,  en- 
deavouring to  comprefs  it,  a Globule  of  Air,  like  aF  ame  of  Fire,  it 
bur  ft  out  with  great  Force,  and,  notwithftandmg  all  the  Induftiy  they 
could  poftibly  ufe,  they  could  not  contraft  it  into  above  a fifteenth 
(tho’  Varenius  before  recited  fays  a 6ocl1)  Part  of  the  Room  it 
before  took  up;  and  in  the  compreflive  Engine  which  was  made  for 
the  Ufe  of  the  Royal  Society  of  London,  Experiments  were  made, 
by  which  it  was  found,  that  Air  could  not  be  compell  d into  a Space 
above  'ror  — of  its  wonted  Space;  and  Mr.  Boyle 'has  the  fame 
in  his  Experiments  concerning  the  Condenfation  of  Air  by  told,  in 
which  he  found,  that  by  the  help  of  Ice  mix  d with,  or  made  by 
Salt  and  put  into  a glafs  Veflel  in  which  Air  was  included,  that  it 
could  be  contraHed  only  as  147  to  158,  or  thereabouts^  which  is  a 
great  deal  lefs  than  was  generally  obtain  d by  Mechanick  Foice  , 
for  in  that  it  loft  little  lefs  of  its  firft  Space  than  44,,  which  is  al- 
moft  as  and  tho  this  was  look’d  upon  to  be  a great  Compreflion, 
vet  he  tells  us,  that  whilft  that  Cold  was  fo  us’d,  that  it  abundantly 
fiiffic’d  to  the  Congelation  of  Water,  and  was.  much  greater  than  the 
fevereft  Winter  Weather  we  have,  being  in  like  manner  mix  d in  a 
Veflel  ( wherein  was  Ice  or  Snow  mix’d  with  Salt)  wherein  alio 
there  was  a little  Air  and  much  Water  included,  the  Water  being 
expanded  by  the  Force  of  the  Cold,  fo  as  to  be  nearly  congeal  d, 
eomprefs’d  the  Air  in  fuch  a Manner,  that  it  was  included  in  4°  Part 
of  its  firft  Space  ; but  if  they  had  endeavour  d to  contract  it  more, 
the  Veflel  it  fe-lf  muft  have  been  broke,  which  Contraction  01  Con- 
denfation (fays  Wallis  f.  738)  tho  it  be  much  lefs  than  the  Expan- 
sion or  Rarefaction  juft  mention’d,  yet  it  is  a great  deal  more  than 
the  Cold  of  any  great  Winter,  or  any  Mechanick  Force  yet  pioduc  d 
could  effeft.  g > 
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So  that  if  we  put  the  two  great  Articles  of  RarefaClion  andCon- 
denfation  together, that  is,  that  Air  dilated  is  as  13679  to  i,and  com- 
prefs’d  Air  as  40  to  1,  and  multiply  the  one  by  the  other,  the  Pro- 
duct will  be  550760  to  i,  as  has  been  before  fet  down  in  the 
Preface. 

And  fo  much  of  the  Condenfation  and  Rarefaction  ; or,  in  other 
Words,  of  the  Compreffion  or  Dilatation  of  Air:  And  in  Confirma- 
tion of  that  Elasticity  and  Springinefs,  which  it  receives  from  one  of 
the  great  Laws  of  Nature,  I mean,  ( viz.)  its  own  or  the  mutual 
Congrefs  of  other  Bodies,  to  which,  if  we  add  the  Gravity  or  di- 
rect Preffure  of  the  Atmofphere,  we  need  doubt  of  its  EffeCts  in 
all  Mechanick,  Hydroftatick  or  Hydraulick  Motion  ; and  that 
what  the  Ancients  call’d  Fuga  vacui ^ fome  Moderns,  SuCfion  or  At- 
traction, is  really  nothing  lefs  but  Pulfion,  or  the  external  Preffure 
of  Air. 

Thus  having  begun  this  Chapter  with  the  Etymology  and  Defi- 
nition of  Elafticity,  I conclude  it  with  Such  Propositions  and  Rules,, 
as  may  from  the  univerfal  Laws,  juft  mention’d,  explain  the  Velocity 
of  each  of  the  elaftick  Bodies,  after  Percuffion,  according  to  the 
learned  Wallis j in  his  Treatife  of  Re  ft  lit  ion  cap.  13.  fag.  686,  of 
his  Mechanic ks . 

PROPOSITION  I. 

If  an  heavy  Body  in  Motion  Jlrikes  directly  upon  a fixt  Toint> 
whether  one  or  both  Bodies  be  elaftick:  It  will  rebound or 

be  ftruck  back  again , with  the  fame  Celerity  with  which  it  came 
and  by  the  fame  right  Line. 

For  let  A.  be  the  heavy  Body  (whofe  Weight  is  m P,  its  Celerity 
r C,  and  fo  its  Momentum  rarPC)  which,  by  the  right  Line  A A, 
ftrikes  direCtly  upon  the  fixt  Point  B.  And  let  not  either  Body 
(whether  it  be  the  refilling  or  impelling  one)  be  fo  perfeCily  hard, 
that  it  cannot  any  ways  yield  to  the  Stroke.  Neither  let  it  be 
So  foft,  that  it  may  lofe  its  firft  Figure  by  the  Stroke  (which  ufually 
happens  in  Wax,  Lead,  Clay,  and  other  Bodies  of  Such  Sort,  either 
fragile  or  duCtile)  but  let  (one  or  both  Bodies)  have  its  elaftick 
Force,  by  which  it  may  reftore  it  felfinto  its  firft  Pofition,  as  foon  as 
ever  the  compreffing  Force  Shall  ceafe. 

And  let  the  percufs’d  Part  of  the  impell’d  Body  be  underftood  as 
prefs’d  inward  by  the  Force  of  the  impelling  Body,  it  will  therefore 
by  its  native  elaftick  Force  endeavour  to  reftore  it  fell, 

I fa  y. 
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I fay,  firft,  That  this  Preflu  re  will  be  fo  far  continued,  till  the 
elaflick  Force,  which  oppofes  the  Compreflion,  counterpoiles  the 
comprefling  Force.  For  fo  long  as  the  comprefling  Force  is  ftrong- 
er  than  the  Refiftance  of  the  elaflick  Body,  it  will  always  perfevere 
to  bend  or  comprefs  the  elaflick  Body. 

But  this  comprefling  Force  is  double  of  the  Momentum  of  the 
heavy  impinging  Body.  For  the  Force  brought  by  the  heavy  im- 
pinging Body,  is  equal  to  its  own  Momentum  (in  as  much  as  its 
whole  Motion  is  ftopt)  fuppofe  m r PC.  But  alfo,  becaufe  of  the 
equal  Refiftance  of  the  impelled  Body,  (which  oppofes  the  Compref- 
fion  as  much  as  it  an  equal  contrary  Force  met  it)  fo  there  arifes 
another  mr  PC;  (but  which  mult  have  a lefs  Regard  paid  to  it,  in  as 
much  as  it  is  occafioned  fome  other  way :)  And  therefore  the  whole 
compreflive  Force  is,  2 m r P C. 

I fay  again,  That  the  impelling  or  comprefling  Force,  where  the 
Matter  is  reduced  to  a Counterpoize,  ceafes,  (in  as  much  as  it 
is  wholly  fpent  in  impelling  the  elaflick  Body.)  For  the  Force  being 
outwardly  imprefs’d,  fuch  as  we  fuppofe  the  impelling  (otherwife 
than  the  natural  Force,  fuch  as  is  its  Gravity,  and  elaflick  Force 
comprefs’d)  where  once  it  is  brought  to  a Quiefcence,  perifhes;  nor 
is  able  to  reftore  it  felf:  So  that  it  can  neither  haften  it  felt,  where 
it  is  retarded.  For  howfoever  a Body  in  Motion,  unlefs  it  may  be 
hindred,  perfeveres  in  the  very  fame : Yet  it  is  not  accelerated,  or 
brought  from  Reft  into  Motion,  without  a pofitive  Caufe. 

I fay  therefore,  Thirdly  j The  impelling  or  comprefling  Motion 
(as  is  laid)  ceafing,  that  the  elaflick  Force,  now  free,  and  (as  is 
already  demonftaated)  being  equal  to  the  Force  lately  compref- 
fing,  endeavouring  equally  on  bothSides  toexplicate  it  felf,  fpendshalf 
its  Force,  or  one  m rPC;  upon  the  impell’d  Body  (howfoever  with 
a vain  Attempt)  and  the  other  mr  PC  upon  the  impelling  heavy  Bo- 
dy. Which  therefore  the  Body  A repels  with  the  fame  Force,  and 
fo  likewile  with  the  fame  Celerity,  with  which  it  was  brought  (to 
wit,  by  its  Force  mr  PC  and  fo,  becaufe  of  its  Weight  m P,  by  its 
Celerity  r C.)  For  an  equal  Force,  being  apply  "cl  to  the  fame 
Weight,  moves  with  the  fame  Celerity. 

I lay,  Lrjlly^  That  it  will  be  ftruck  back  again  by  the  fame  right 
Line.  For  when  an  elaflick  Body  is  inwardly  bent  by  a Body 
ftrjking  direftly  upon  it,  the  fame  by  its  elaflick  Force  reflates 
it  felf  to  its  firft  Figure,  by  T>ef  1.  of  this  Book,  (and  fo  returns  by 
the  fame  Way  by  which  it  was  prefled,)  it  imparts  the  fame  Direc- 
tion to  the  Body  repercufled,  which  it  received  from  thence,  uniefs 
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that  it  may  be  to  contrary  Parts.  Which  therefore  will  return  by 
the  fame  right  Line. 

And,  as  is  already  demonftrated,  the  elaftick  Force,  being  placed 
on  the  impelled  Body,  it  obtains  as  much  as  if  that  Force  was  in  the 
ftriking  Body,  or  even  in  both.  For  however  that  obtains,  the 
impelling  Force  cannot  be  ftopt  before  that  the  oppofite  Refiftance 
of  the  elaftick  Body  (whether  Angle  or  double)  counterpoizes ; nei- 
ther  perfeveres  farther ; from  whence  the  reft  follow. 


The  fame  another  TV ay. 

If  there  was  no  elaftick  Body,  the  Motion  A would  be  ftopt,  be- 
ing reduced  to  Reft.  The  whole  Motion  therefore,  which  is  after- 
wards, is  from  the  reftitutive  Power  of  its  elaftick  Body,  and  that 
is  always  equal  to  the  Force  of  the  Stroke.  For  the  Force  brought 
againft  the  elaftick  Body,  is  equal  to  the  Stroke  (which  it  fuftains) 
which  therefore  fo  far  compreiTes  the  elaftick  Body,  till  its  Refi- 
ftance counterpoizes  that.  And  indeed,  if  it  was  only  meerly  to  re- 
fift,  the  impelling  Body  would  be  at  Reft:  But  as  an  elaftick  Bo- 
dy refills,  not  as  a meer  Impediment,  but  as  a contrary  Force,  and 
does  indeed  re-a£t  as  much  as  it  is  acted  upon ; and  the  Body  afted 
upon  being  equal  to  the  Stroke  or  impelled  Force,  the  reftitutive 
Force  alfo  counterpoizes  the  fame  (which  in  the  following  Propofiti- 
ons  has  no  lefs  Place,  and  fo  mull  be  taken  for  a Demonftration.)  But 
in  this  Cafe,  fuppofing  the  Weight  of  the  heavy  Body  A,  to  be  m P 
and  its  Celerity  r C,  the  Greatnefs  of  the  Stroke  it  produces  is  2 
m r P.  C.  as  much  therefore  will  be  the  reftitutive  Force  of  the 
elaftick  Body  ; which  therefore  endeavours  on  both  Sides  to  expli- 
cate it  felf,  and  fo  one  Half  of  its  Force  or  m r P.  C.  refilling  againft 
the  impelled  Body,  however  with  a vain  Attempt ; and  the  other 
Half  of  its  Force  m r P.  C.  againft  the  impelling  Body  A.  Upon  ac- 
count of  the  Weight  m P.  its  Celerity  back  again  will  be  r C.  which 
was  the  Propofition. 

_ Again  ; as  in  all  Probability  there  is  no  Body  fo  firm  as  not  to 
yield  to  the  Percuftion  of  another,  tho’  it  may  do  it  in  fo  fmall  a 
Degree  as  not  to  be  perceiv’d,  and  upon  that  Account  may  be  dis- 
regarded and  efteem’d  as  nothing  ; and  fo  the  refilling  Body  may  be 
held  immoveable  (as,  eg,  when  a Fly  or  Gnat  making  a Skip  upon 
the  Earth  ftrikes  it)  and  if  we  conceive  the  thing  after  this  Manner, 
we  may  again  demonftrate  what  we  are  upon  from  the  8th  Propofi- 
tion of  this  Chapter  (only  changing  the  Order  of  the  Propofition) 

for 
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for  there  A,  a Body  in  Motion,  is  fuppos’d  to  impinge  againft  B, 
a Body  at  bell,  and  capable  of  being  put  into  Motion  : If  we  there 
fuppofe  the  Weight  of  A to  be  M P (which  muff  be  iuppos’d  very 
fmall)  and  its  Celerity  r C ; and  the  Weight  of  B to  be  n P (which 
mull  be  fuppos’d  very  great)  and  at  the  lame  time  at  reft:  Then  the 

Celerity  of  the  impingent  Body  A after  Contact,  will  be  r C for- 

wards. (By  Propofition  eighth  of  this  Chapter)  that  is  according 
to  the  Prevalence  of  the  Character , for  n P is  fuppos’d  much 

greater  than  m P,)  r C backwards ; which  will  be  the  fame  in 

this  Cafe,  as-  rC  — rC  backwards;  and  this  proceeds  from  the 

' 771 

fmall  and  trifling  Magnitude  of  the  Weight  tn  P,  compar’d  with 
the  vaft  one  of  the  Weight  ®P.  Moreover,  the  Velocity  of  the 

remaining  heavy  Body  B,  will  be  after  Contact  ;ai  | y r C j which, 

confidering  the  fmall  and  infignificant  Ratio  of  m7  or  2 m7  to  », 
or  its  much  fmaller  Proportion  ftill  to  m T -n,  is  hardly  worth  men- 
tioning; fo  that  the  Body  B may  not  improperly  be  laid  to  be 
unmpv’d.  But  if  this  will  not  be  admitted,  and  the  Obitacle  B 
not  be  imagin’d  perfectly  immoveable;  then  its  Fixednels  lhall  be 
reckon’d  equal  to  thequiefcent  Weight  n P,  which  may  be  efteemd 
as  infinite,  tho’  it  is  not  abfolutely  incapable  of  being  mov  d;  for 
there  is  no  finite  Body  which  may  not  be  mov’d,  unleis  hinder’d  by 
fome  foreign  Caufe.  {Fid.  Trap.  8“0  The  Velocity  therefore  of 
the  impingent  Body  A in  its  Rebound  after  Collihon  {via.  Prop. 

the  gthN  r c,  will  really  be  r C ; which  is  the  fame 

as  S r C = r C,  as  appears  from  the  infinitely  fmall  or  no  Propor- 
tion of  the  finite  m to  the  finite  <x>.  And  the  Velocity  n t C af- 
ter Contadl,  of  the  quiefcent  Body  B,  will  be  r C,  which  is 

the  fame  (by  reafon  of  the  finite  m , and  the  infinite  *)  as  ^ r C,  or 

JL  r C,  which  is  as  no  Velocity  ; and  ccnfequently  B may  be  recko- 
ned not  to  move,  as  has  been  demonftrated  elfewhere. 

SCHOLIUM. 

I am  not  ignorant  that  many  place  a fort  of  unintelligible  mechani- 
cal Power,  in  fome  continued  Motion  fuppofed  to  be  always  exifting, 

by 
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by  which  Power  (if  the  Body  happens  to  be  flopp’d)  only  by  a Change 
of  the  Direction  it  rebounds,  without  any  new  Caufe:  But  as  this 
is  only  laid  gratis and  is  no  more  than  a bare  ‘Pojiulatum  (that  a 
frefli  Motion  fhould  be  produced  without  any  frefh  Caufe)  and  at 
the  fame  time  is  to  be  urged  with  great  Difficulties ; fo  what  chiefly 
convinces  me  of  its  Falfity,  is,  that  as  any  Obftacle  is  of  it  felffuffi- 
cient  to  diminifh  Motion,  (fo  that  a Body  fhall  be  hinder’d  from 
proceeding  forward  by  it)  fo  there  feems  Occafion  for  fome  pofitive 
Power  to  effeft  the  Contrary.  And  as  this  pofitive  Power  is  readily 
found  in  elaftick  Force,  I fee  no  Reafon  why  we  fhould  reject  it ; 
efpecially  fince  we  may  obferve,  that  from  any  loft  or  fluid  Body  im- 
pinging againfl:  a folid  one,  all  Motion  is  entirely  flopp’d,  but  no 
Rebound  made  at  all. 

But  yet,  if  the  Body  be  offuch  a Nature,  that  it  be  neither  fo 
foft  as  to  have  no  elaftiek  Power  remaining  in  it,  nor  yet  fo  very 
elaftick,  but  it  will  allow  fome  Change  to  be  made  in  its  Figure, 
without  having  all  its  elaftick  Fibres  entirely  broke;  there  will  then 
be  fome  Rebound  made,  tho’  an  imperfect  one.  (For  ’tis  ail  along 
fuppofed  in  the  Demonftration,  that  the  elaftick  Power  is  fufficient 
to  bear  the  Shock  of  the  impellent  Body,  without  fuflering  a Fracture 
thereby.)  Befides,  we  find  that  this  happens  in  fome  Meafure  from 
the  Refiftance  of  the  Medium ; likewife,  by  which  the  Motion, 
whether  direB  or  reflex,  is  fenfibly  diminifhed,  as  likewife  from  the 
natural  Defcent  of  heavy  Bodies,  whereby  the  Motion  of  one  Body 
becomes  blended  with  that  of  all  others : But  thefe  Confederations, 
and  all  others  of  the  like  fort,  we  fet  afide  as  extrinfick. 

But  it  is  to  be  obferved,  That  however  we  fuppofe  the  impellent 
Force,  as  entirely  owing  to  fome  extrinfick  Impreffion,  and  fo  whol- 
ly to  ceafe  when  the  imprefled  Body  is  reduc’d  to  an  equal  Degree 
of  Refiftance;  yet  it  may  be,  that  this  Force  may  in  fome  meafure 
be  natural,  taking  its  Rife  from  the  Principle  of  Gravity  ; as  imagin- 
ing the  impelled  Body  projeBed  downwards,  or  elfe-  defcending 
with  a conftantly  accelerated  Motion,  it  may  acquire  that  Force, 
with  which  it  ftrikes  againfl:  the  Obftacle. 

The  Force  therefore  extrinfically  imprefled,  is  to  be  feparated 
from  that  which  proceeds  from  the  Principle  of  Gravity,  limply 
confidered;  and  the  firft  may  be  wholly  loft,  while  this  remains, 
and  fhall  fo  far  leflen  the  elaftick  Force,  that  the  Rebound  fhall  be 
made  move  imperfeB,  and  with  lefs  Velocity;  nay,  it  may  be  prov- 
ed fo  confiderable,  as  to  overcome  the  elaftick  Force  to  fuch  a De- 
gree, that  altho’it  may  rebound  (by  reafon  of  the  external  lmpreffi- 

H h on 
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on  being  taken  off,  by  which  it  was  at  firft  compiefs  d)  ^et  it  fhall 
not  be  fufficient  to  drive  the  impafted  Body  from  it. 

But  ft  ill,  the  Degree  of  Motion,  which  is  acquired  by  Accele- 
ration is  to  be  feparated  from  that  owing  to  its  natuial  Gravity. 
For  any  accelerated  heavy  Body,  if  ftopt  by  any  Obftacle  in  its  Pro- 
grefs,  ftill  retains  its  natural  Gravity,  tho’  it  lofes  its  acquired  Ve- 
locity ; and  thence  forwards  it  begins  to  go  on,  as  if  juft  put  into 
Motion,  without  any  refpeft  had  to  its  former  acquired  Celerity, 

which  is  now  loft. But  if  it  fhould  be  objeTed  againft  this 

Hypothefis  of  elaftick  Power,  that  all  hard  Bodies  whatever  have 
this  Property  of  Repercuflion  or  Reflexion,  and  in  a Degree  always 
Proportionate  to  their  Hardnefs  or  Firmnefs;  yet  may  this  be  very 
well  accounted  for,  without  any  Danger  to  our  Hypothefis  of  ela- 
ftick Power.  And  this  only  by  fuppofing  all  hard  Bodies  to  be 
likewife  elaftick,  which  I fee  no  Reafon  to  deny.  And  altho  the 
harder  they  are,  the  lefs  they  give  way  to  any  Preffure ; yet 
they  do  give  Way  fomething;  and  the  lefs  they  give  Way,  the 
more  forcibly  they  refill  and  repel.  And  altho’  we  confider  Hard- 
nefs feparately  from  Elafticity,  that  we  might  the  better  demon- 
ftrate  what  would  follow,  if  there  was  no  elaftick  Power;  yet 
do  we  not  thereby  defign  to  deny  an  elaftick  Power  in  Bodies 
Amply  hard;  fince  in  all  Liklihood  there  are  no  Bodies  lo  lim- 
ply hard,  as  to  have  no  Elafticity  : (Tho1  there  may  be  Bodies 
fo  foft  as  to  have  none.)  And  indeed,  to  fpeak  the  Truth,  I 
fullv  believe,  that  either  there , are  no  hard  Bodies,  which  are 
not  elaftick;  or,  if  there  are  fuch,  then  upon  their  Congrefs, 
there  follows  no  Rebound,  but  they  obferve  the  Laws  laid  down 
elfewhere.  And  that  in  Marble,  Glafs,  Wood,  Earthen  Ware,  and 
the  harder  Sort  of  Metals,  there  is  an  elaftick  Power,  is  plain  not 
only  from  the  Sound  which  we  hear,  (which  is  either  more  con- 
fus’d or  diftinft,  as  the  Repercuflion  is  flower  or  quicker)  but 
from  their  remarkable  Trembling,  fo  plain  both  to  the  Sight  and. 
Touch. 

PROPOSITION  1L 

If  an  heavy  Body  in  Motion  fir  ikes  obliquely  on  an  immovable 
Qbflaclej  and  fuffofing  one  or  both  of  them  to  be  elaftick , the  Re- 
bound will  be  with  the  fame  Celerity  (in  the  fame  TlaneJ  and 
in  fuch  a Manner as  to  make  the  Angle  of  Reflexion  equal  to  the 
Angle  of  Incidence . ^ 
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Let  there  be  fuppofecl  a heavy  Body  flunking  upon  the  fix’d 
Plane  A B C,  ftreight  along  the  oblique  Line  O B,  making  the 
Angle  of  Incidence  O B A.  Let  this  oblique  Motion  thro’ 
O B be  confider’d  as  compounded  of  two  Motions  ; one  Pa- 
rallel, as  O P or  A B,  the  other  perpendicular  as  P B ; the  for- 
mer of  which  ( being  a Parallel  ) ftrikes  not  at  all  againft  the 
Plane  ABC,  nor  is  at  all  impeded  by  it  ; fo  that  it  ftill  continues  to 
go  on  with  the  fame  Celerity  it  did  at  firft ; i.  e . In  the  fame 
Time  it  was  carried  from  O A to  P B,  it  will  in  equal  Time  be 
carried  (an  equal  Length)  from  P B to  QC.  But  in  the  other 
Line  ( which  is  a perpendicular  ) it  will  ftrike  direftly  upon  the 
Plane  ABC  thro’  the  Line  ? B:  And  fo,  at  the  Point  of  Inci- 

dence B,  it  will  be  direftly  return’d  thro’  the  Line  B P,  with  the 
lame  Force,  and  confequently  with  the  fame  Celerity,  by  Reafon 
of  its  elaftick  Power  ; That  is,  it  will  be  carried  in  the  fame,  or 
in  equal  Time  from  A C to  O Q^,  as  it  was  from  O to  AC; 
that  is  again,  in  the  fame,  as  from  P C to  QC : And  fo  thro’  the 
right  Line  B Q.  And  furthermore,  by  Reafon  O P is  equal  to  P Q, 
and  P B,  or  B P,  being  common  to  both ; ( and  all  of  ’em  run  thro’ 
in  equal  Times)  the  Triangle  B PO  will  be  equal  to  the  Triangle 
B P (y  ( and  both  of  them  too  in  the  fame  Plane,  by  Reafon  of  the 
right  Line  OPQ.)  So  then  the  Angle  P B Q is  equal  to  the  Angle 
P B O:  And  likewife  the  Angle  P B Q_is  equal  to  the  Angle  P B O, 
and  (the  remaining  Angle  at  the  right  one)  Q.B  C,  which  is  the 
Angle  of  Reflexion,  is  equal  to  (the  other  remaining  Angle  at  the 
right  one)  C B A,  which  is  the  Angle  of  Incidence. 

SCHOLIUM. 

I f any  young  Beginner  ( or  one  who  has  made  fome  Proficien- 
cy this  Way  ) flhould  ask,  Why  I affirm  the  diredand  fimple  Motion, 
thro’  the  Line  O B,  to  be  compounded  of  two  others ; or,  if  I 
mu  ft  have  it  compounded,  fince  this  might  as  reafonably  be  done.a 
Thoufand  other  Ways;  why  do  I,  omitting  all  the  reft,  without  any 
Shew  of  Reafon,  prefer  this  Way  to  all  others  ? (for  I neither  prove  it 
to  be  compounded,  or  to  be  fo  no  other  Way  but  this  ).  To  thefe 
Queries  I have  this  to  anfwer,  That  there  is  no  Motion  whatfoever 
fo  fimple,  but  is  refoluble  into  many  component  ones ; and  as  for 
my  chufing  this  Way  rather  than  any  other,  I ufe  that  Liberty  I 
have  of  felefting  out  of  feveral  Compofitions,  that  which  ferves 
my  prefent  Occafions  beft ; nor  need  I prove,  that  this  Compofiti- 
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on  alone  is  pofTible  ; but  ’tis  enough  to  fay,  it  is  one  out  of  many  r 
And  it  is  free  for  every  Author,  to  chufe  out  among  many  Truths, 
that  one  which  moft  conduces  to  his  prefent  Defign. 

And  (that  I may  illuftrate  this  Affair  by  other  Compofitions) 
this  Method  obtains  in  other  Cafes,  as  well  as  the  prefent  one  : For 
it  is  known,  that  the  Number  12  is  compounded  of  3 +4,  and 
2-4-6,  and  of  1 +12  (befides  innumerable  otherwife  by  broken 
Numbers).  If  therefore  the  Number  12  were  given  to  be  divided 
by  the  Divifor  2,  and  the  Quotient  fhouid  be  ask  d . The  Anfwei 
would  be,  That  the  Number  12  was  compounded  of  2 + 6; 
therefore  the  Divifor  2 being  taken,  the  Quotient  will  be  6.  But 
if  any  one  fhouid  pertinacioufly  fuggeft,  that  this  Number  12,  of 
which  we  are  difeourfing,  is  not  at  all  made  up  of  fuch  a Compo- 
fition,  but  by  a bare  Colleftion  of  Units  only  ( juft,  for  Inftance,  as 
a Collection  of  fo  many  diftinft  Men  would  be  ).  Why  therefore 
fhouid  I,  without  any  Proof,  affirm  a Number  ( form’d  merely  by 
Addition)  to  be  a compound  one,  by  multiplying  it?  And  befides, 
if  I muft  have  it  compounded  by  multiplying  •,  why  muft  I affert 
it  to  be  compounded  of  2 X 6,  when  it  may  with  equal  Reafon 
be  faid  to  be  a Compound  of  3 X 4,  or  1 X 12?  Nor  do  I give 
any  Proof  why  it  is  compounded  that  Way,  rather  than  any  other? 
Now,  I fay,  would  any  one  think  fuch  an  ObjeCtor  as  this  worth 
liftning  to  ? Does  not  any  one  prefently  fee  what  would  be  the  An- 
fwer  ; That  the  Number  1 2 is  not  at  all  the  Lefs  compounded  of 
the  Fa&ors  2+6,  for  its  being  form’d  by  Addition?  For  when  a 
Number  is  once  form’d,  by  whatever  Way  that  be,  it  never  upon 
that  Account  lofes  its  proper  Affections.  And  why  I did  not  fay 
that  it  was  compounded  of  3 -f-  4,  or  1 -4-  1 2 ( tho’ all  this,  and 
much  elfe,  is  very  true  ) but  only  of  2 -f-  6,  is  very  eafily  accoun- 
ted for  viz.  by  faying,  that  this  Compofition  tended  moft  to  the 
Matter  in  hand,  without  denying  all  the  others  to  be  true  too  ; 
for  the  Number  fought  for,  was  not  one,  which  compounded  of 
1 or  3 or  4,  would  make  12,  but  that  which  would  do  it  by  2. 

In  like  Manner,  fince  the  Ratio  between  A and  B may  be 
fhewn  a 1000  Ways;  as  for  Inftance,  either  from  that  of  A to  C, 
and  C to  B ; or  from  that  of  A to  D,  and  D to  B,  or  from  A to 
E and  E to  B,  f£c.  yet  fuppofing  the  Ratios  given  between 
A and  B ( E.  G.  let  it  be  that  of  1 to  2 ) and  likewife  between 
A and  C (fuppofe  of  1 to  3 );  and  it  fhouid  be  demanded,  what 
is.  the  Ratio  of  C to  B : It  may  be  anfwer’d,  not  that  the  Ratio 
of  A to  B is  compounded  of  A to  D,  and  D to  B ; or  of  A to  E, 
and  E to  B (for  thofe,  Compofitions,  however  juft,  yet  are  not  to 
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the  prefent  Purpofe)  but  of  A to  C,  and  C toB:  And  fo,  if  from 
the  Ratio  of  A to  B (one  of  the  Components)  be  found  out 
that  of  A to  C,  then  will  the  remaining  one  likewife  of  C to  B, 
be  found  too,  ( luppofe  of  3 to  2.) 


But  if  any  one  fhould  demand,  why  I without  any  Proof  af- 
firm the  raoft  fimple  Ratio  of  1 to  2,  to  be  compounded  : Or  why 
juft  fo  compounded,  when  it  might  as  well  be  done  a 1000  other 
Ways  ; there  is  no  Doubt  to  be  made,  but  this  is  a very  trifling 
and  injudicious  Queftion : Since  no  Ratio  is  fo  intirely  fimple,  as. 
not  to  be  refoluble  into  many  others:  Nor  need  there  be  any  other 
Reafon  given  why  I prefer  this  Compofition  to  all  others,,  but  its 
being  the  propereft  for  the  prefent  Subjeft. 

I n the  fame  Manner,  if  any  one  fhould  demand  the  Velocity 
of  a heavy  Body,  whofe  Momentum  is  fuppofed  mr  PC,  and 
its  Weight  ( fondus ) 1 m P.  The  Anfwer  I would  give,  fhould 
not  bemrPC  = mP  x r C,  or  = r P x m C ( which  are  alf 
true,  and  proper  enough  in  other  Places,  tho1  not  fo  here .)  But  I 
would' fay,  »rPC=:«Px  1 r C ; and  fo  the  Velocity  fought 
for,  to  be  \ r C : For  the  Queftion  was  not  with  what  Celerity  the 
Weight  m P,  or  r P,  but  with  what  Celerity  the  Weight  2 m P 
muft  be  carried  to  have  its  Momentum  mr  PC, 

And  this  is  exaflly  applicable  to  our  prefent  Cafe.  For  fince  it 
is  plain  (which  no  one  can  deny)  that  the  Motion  O B is  the 
fame  as  that  compounded  of  O P and  PB;  why  then  fhould  not. 
I fay,  that  the  Motion  O R is  compounded  of  O P and  P B,  or, 
which  is  the  fame,  is  reloiuble  into  them  ? For  the  fame  Reafon, 
as  if,  knowing  the  Number  1 2 to  be  the  fame  with  that  Compoun- 
ded of  3 — f-  4,  I fhould  fay,  the  Numb  12  to  be  a Compound  of 
3 -f-  4 ? And  altho’  it  may  be  compounded  feveral  other  Ways, 
yet  I chofe  this,  as  beft  fuiting  my  prefent  Defign.  As  I might  do 
likewife,  if  upon  another  Plane,  I fhould  choofe  another  Com- 
pofition : For  if  inftead  of  the  Plane  ABC,  I fhould  take  « B y • F 
fhould  then  fay,  that  the  fame  Motion  O B was  compounded  ^f 
O ar  and  vr  B,  and  not  of  O P and  P B:  And  fo  by  Reafon  O tt  and' 
being  equal,  in  the  fame  ftrait  Parallel;  and  B tt  being  the 
fame  or  equal  to  ar  B,  the  Refk&ion  would  be  in  the  right  Line. 
B*;  and  the^  Angle  of  Reflexion  X B yy  would  be  equal  to  the. 
Angle  of  Incidence  OB  «, 


A A , C A . D 
B = C+  B=  D+B 
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I exhibit  thefe  Compositions  ( refpeftively  ) not  upon  Account 
of  their  being  the  only  true  ones,  but  chofen  as  the  fitted:  for  the 
Purpofe  in  Hand  : And  here  it  may  be  proper  to  obferve,  that 
all  that  Part  of  the  oblique  Motion  O B,  which  is  oppos’d  by  the 
Piane  ABC,  or  kB  y,  mull  be  confider’d  Separate  from  that 
which  is  not  So  oppos’d ; and  this  could  no  otherwiSe  be  done,  but 
by  refolving  the  oblique  Motion  into  a Parallel  and  perpendicular 
one.  And  this  is  So  clear,  that  no  Illustration  need  have  been  given, 
if  it  had  not  been  ferioufly  objected  againft  by  one,  no  Novice  in 
this  Way. 

PROPOSITION  III. 

If  two  heavy  Bodies equal  to  one  another j meet  each  other  di- 
rectly j with  equal  Celerity  ; and  fuppofing  one  or  both  to  be  elaftick : 
Or  if  the  Bodies  are  unequal , and  their  Celerities  reciprocally  pro- 
portional ( fo  that  their  Momeiitums  may  at  leaf  be  equal J:  One 
of  them  will  be  reflected  with  the  fame  Celerity  wherewith  it  Jlruckj 
and  in  the  fame  right  Line. 

Thus,  let  us  SuppoSe  the  two  heavy  Bodies  A,  B,  meeting  one 
another  according  to  theSe  Rules : And  let  the  Weight  of  both  be 
m P,  and  their  Celerity  r C ; or  let  the  Weight  of  that  be  m P,  and 
its  Celerity  r C •,  and  the  Weight  of  this  r P,  and  its  Celerity  m C ; 
lo  that  in  either  Cafe,  the  Momentum  of  either  of  them  may  be 
mr  PC,  and  So  of  both  taken  together,  2 m r PC.  And  Since  the 
elaftick  Power  ( whether  Single  or  double  ) of  both  of  them,  mull 
fuftain  a Shock,  and  will  continue  to  be  bent  inward,  till  its  Re- 
finance becomes  equipollent  to  that  of  both  the  Bodies,  and  then 
the  impellent  Force  (being  by  this  Means  reduc’d  to  reft,  and  fo 
quite  loft  ) ceafes  to  aft.  Then  the  elaftick  Principle,  by  its  own 
Force,  (fuppofed  equal  to  that  of  the  impellent  Bodies)  endeavours 
to  free  itfelf  equally  on  either  Side,  and  fo  repels  the  heavy  Bodies 
on  either  Side  with  the  fame  Force  m r PC  ( the  Half  of  the 
whole)  i.  e.  with  the  fame  Force  with  which  they  came  together, 
and  fo  with  the  fame  Celerity  refpeftively  : That  is,  fuppofing  the 
Weight  on  both  Parts  to  be  m P,  with  the  Celerity  on  either  Side 
r C,°(but  only  different  in  Direftions  ) : But  if  their  Weights  be  dif- 
ferent, the  Weight  m P will  be  repell’d  with  the  Celerity  r C,  and 
the  Weight  r C with  the  Celerity  m C ; ( becaufe  m r P C =r  m 
p x tCrtP  x m C.  ) i.  e.  either  of  them  with  the  fame  Cele- 
rity with  which  it  came.  And  this  Return  will  be  in  the  fame 
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right  Line  ( only  by  oppofite  Motions  ) becaufe  the  elaftick  Power 
endeavours  to  recover  itielf  in  the  fame  Direftion  it  was  prefs’d,  by 
its  driving  to  reftore  its  former  Figure  ; which  is  to  be  underftood 
in  all  the  fubfequent  Propofitions ; and  fo  may  there  be  taken  for 
demonftrated. 


This  Tropofttion  another  Way. 

If  there  was  no  elaftick  Power,  both  the  Bodies  would  flop 
and  be  at  Reft ; and  confequently,  the  whole  of  the  Motion 
which  follows  proceeds  from  the  reftitutive  Principle  of  the  Elafti- 
city,  which  is  always  proportionable  to  the  Force  of  the  Shock ; 
in  this  prefent  Cafe,  it  will  be  2 mrP  C ■,  which  being  divided  by 
an  equal  Endeavour  on  both  Bodies  to  free  itfelf,  afts  on  either 
Side  as  m r P C ; and  fo  repells  the  Weight  m P with  the 
Celerity  r C,  and  the  Weight  r P with  the  Celerity  m C as 
before. 


PROPOSITION  IV. 

If  two  elaftick  Bodies  ( not  comprefs’d  together ) are  both  fup- 
pos’d  at  Reft  ; or  both  of  them  are  carried  with  equal  Velocity  in 
the  fame  right  Line  towards  the  fame  Tlace „ or  the  Antecedent 
be  carried  with  greater  Velocity  ; f whether  they  are  contiguous  or 
disjoin'd ) there  will  then  be  no  Impulfe , or  Compreffion  of  the 
elaftick  Force ; and  confequently  no  Change  of  Motions. 

And  therefore,  if  in  heavy  Bodies  otherwife  mov’d,  a Celerity 
common  to  both  be  either  added  or  fub  ft  rafted  therefrom,  thence 
follows  no  Change  of  Impulfe  ; ( or  any  of  thofe  things  which  hap- 
pen from  fuch  a Change).  But  every  thing  is  the  fame  (as  to 
the  Impulfe  or  Compreffion  of  the  elaftick  Power)  whether  that 
common  Velocity  be  there  or  not. 

This  Propofition  is  very  evident,  for  if  both  the  Bodies  are  at 
Reft,  no  Shock  is  given  to  either,  no  Motion  obftrufted,  neither 
impells  the  other,  and  confequently  there  is  no  Compreffion  of  the 
elaftick  Power,  which  proceeds  from  Impulfe,  nor  any  Change  of 
Motions  from  either  ( whether  as  to  the  Celerity,  or  Direction  ) 
let  the  Bodies  be  never  fo  nigh,  much  lefs  if  they  are  disjoin’d. 
And  this  in  like  Manner  would  be  the  Cafe,  if  the  Bodies  are  car- 
ried towards  the  fame  Place  with  the  fame  Celerity  : For  if  at  fet- 
ting  out  they  are  disjoin’d,  they  will  always  remain  fo,  and  at  the 

fame 
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fame  Diftance  too  from  each  other,  by  reafon  of  the  fame  Celerity 
in  both  ; fo  that  they  cannot  fo  much  as  mutually  touch  each  other, 
much  lels  impel.  And  if  they  are  fuppofed  contiguous ; yet  while 
the  Body  before  flies  with  the  fame  Celerity,  with  which  the  hin- 
der one  follows,  there  cannot  poflibly  be  any  Shock  given,  nor 
any  Obftrudion  ; (and  confequently  there  will  be  no  Impulfe, 
no  Compreflion,  nor  any  Change)  of  Motion.  But-ifthe  Velocity 
of  the  antecedent  Body  be  greater  than  the  others,  it  will  be  fo  far 
from  being  prefs’d  by  the  tardy  one  behind,  that  this  will  ftill  lofe 
Ground ; and  tho'  they  were  contiguous  at  firft,  there  will  now  be 
fome  Diftance  between-,  and  if  there  was  a Diftance  at  firft,  this  will 
ftill  be  encreas’d.  Yet  I add,  fo  that  they  be  not  mutually  compref- 
fed  together  : For  if  this  happens,  the  elaftick  Force  will  then  exert 
it  felf,  as  foon  as  poflible,  and  fo  make  fome  Change  of  Motion. 

And  for  the  fame  Reafon,  the  Corollary  alfo  is  plain  : For  in  Pro- 
portion to  the  Celerity,  with  which  the  antecedent  Body  flies  for- 
ward, and  withdrawing  it  felf  declines  the  Blow,  will  its  Non-Re- 
fiftance  be  to  the  following  one,  and  the  Obftru&ion  of  its  Motion, 
from  whence  arifes  the  Impulfe  and  Compreflion  ( not  greater  than 
when  the  antecedent  Body  withdraws  it  felf  from  the  following  con- 
tiguous one;)  but  the  whole  impulfive  or  compreflive  Force  muft 
be  eftimated  from  the  Excefs  of  the  Celerity  of  the  following  Bo- 
dy above  that  of  the  antecedent  one,  moving  towards  the  fame 
Place ; which,  however  great  it  be  (or  whatever  Motion  is  added  or 
fubftrafted)  is  common  to  both. 

This  demonf  rated  another  Way. 

Thus,  by  Reafon  of  the  common  Motion  of  both  Bodies,  there 
is  no  Collifion  made,  or  at  leaft,  no  Change  of  the  Collifion.  And 
therefore  no  Compreflion  of  the  elaftick  Power  (or  of  what  follows 
from  thence)  to  be  equipollent  to  the  Shock. 


PROPOSITION  V. 

Let  an  heavy  Body  inMotion  ftrike  direPtly  againft  an  equal  Body 
at  Reflj  ( but  not  hinder'd  from  Motion J and  let  one  or  both  of  them 
be  elaftick  > then  the  Body  in  Motion  Jhall  remain  at  Reft j and  the 
quiefcent  Body  Jhall  proceed  with  the  fame  Velocity  which  the  firft 
moving  Body  had. 


Let 
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Let  the  Weight  of  both  thefe  equal  Bodies  A,  B (Fig.  i.  Tab.  Seq.J 
begn  P.  Let  B be  fuppofed  at  Reft,  and  A to  ftrike  direCtly  againft  k 
with  the  Celerity  r C;  i.  e.  with  the  Momentum  or  Force  m rPC 
= m P x r C.  By  this  Means  a Force  equipollent  to  this  would 
be  imprefs’d  upon  the  elaftick  Power,  by  the  Body  A (dripping  it 
ielf  of  the  fame)  by  which  (if  retain’d)  the  elaftick  Power  would  re- 
pel the  Body  A (being  reduc’d  to  Reft)  fuppofing  B to  be  immova- 
ble, (not  to  mention  what  is  return’d  from  one  Obftacle  to  ano- 
ther ) : But  by  Reafon  of  the  unimpeded  Body’s  B ’s  giving  Way, 
the.  elaftick  Principle  gives  the  fame  Force  to  the  yielding  Body  B, 
which  it  receiv’d  from  A ( and  does  not  retain  it  in  itfelf  as  in 
the  Cafe,  Trop.  i.  by  which  Means  it  might  afterwards  repel  the 
Body  A.  ) From  whence  it  happens,  that  the  impellent  Body  A 
( being  depriv’d  of  all  its  Force,  which  it  had  fpent  on  the  elaftick 
Principle)  becomes  quiefcent ; and  the  Body  B is  propell’d  with  the 
Force  mr  P C ( given  to  it  by  Means  of  the  elaftick  Principle.  ) 
And  fo,  by  Reafon  of  the  Weight  m P,  is  carried  forwards  with  the 
Celerity  r C,  which  was  that  of  the  impellent  Body. 

Another  Tiemonf  ration  of  this. 

Let  there  be  two  equally  heavy  Bodies,  and  the  Weight  of  each 
be^zP:  Let  the  Body  A ftrike  dire&ly  againft  the  quiefcent  Body 
B,  with  the  Celerity  r C,  and  fo  with  the  Momentum  or  Force 
mr  PC.  By  which  Means,  by  the  yielding  of  the  unimpeded  Bo- 
dy B,  they  would  jointly  be  carried,  if  there  was  no  elaftick  Pow- 
er, with  the  half  Celerity  % r C forwards  •,  becaufe  m r P C = 
2 m P X \ r C.  But  by  Reafon  of  the  elaftick  Power,  a reftitutive 
Force  is  imprefs’d  upon  the  elaftick  Principle  equipollent  to  ®rPC 
( for  as  long  as  the  bending  of  the  elaftick  Power  is  eafilyer  ef- 
fected than  the  Procefs  of  the  heavy  Body ; that  Power  will  be 
bent ; and  with  the  fame  Force  with  which  it  is  bent,  will  it,  by 
Reafon  of  its  Springynefs,  recover  itfelf  again.  The  elaftick  Power 
therefore,  endeavouring  to  explicate  itfelf  on  every  Side,  (the  Weight 
of  both  Bodies  being  fubftra&ed  ) repels  the  Body  A,  with  the 
Force  \mr  PC;  and  with  the  fame  Force  \mr  PC  propels  the 
Body  B.  that  is,  ( by  Reafon  of  the  Weight,  on  either  Side,  ?#  P,) 
the  Body  A backwards  with  the  Celerity  —\r  C,  and  B forwards 
with  the  Celerity  +rC  But  A was  to  be  carried,  under  another 
Denomination,  (as  has  been  obferv’d)  with  the  Celerity  -f-  r C 
forwards ; therefore,  as  by  this  Means  there  is  added  the  Celerity 
— r c,  backwards,  A will  remain  at  Reft  (or  which  is  the  fame,  will 

* 1 not 
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not  be  mov’d  with  any  Celerity  towards  either  Part  ) by  Reafon 
+ |r  C • — \ rC  = 0 C.  The  Body  B alfo  was  to  be  mov’d  un- 
der another  Denomination,  ( as  has  beenfhewn)  with  the  Celerity 
| r C,  forwards ; but  by  this  Means  it  is  alfo  propell’d  with  the  Ce- 
lerity \ r C,  forwards;  therefore  the  whole  Celerity  is  \ r C ~ft 
| r C C,  forwards;  i.e.  the  fame  which  belong’d  to  the  firil 
mov’d  Body  A. 

Or  thus  in  a Jhortcr  Way. 

Every  Thing  fuppofed  as  before  ; both  the  Bodies  would  be  car- 
ried forwards  with  the  Celerity  \ r C,  if  there  was  no  Elafticity  ; 
and  fo  both  with  the  Momentum  or  Force  \mr  PC;  the  Greatnefs 
of  the  Shock  is  m r P C ; and  then  the  reffitutive  Force  of  the  Elafti- 
city, being  equal  to  this,  by  endeavouring  to  free  itfelf  on  all  Sides, 
repels  the  Body  A with  half  its  Force,  and  with  the  other  Half  pro- 
pel’s  the  Body  B;  fo  that  it  communicates  to  A the  Force  — \ mr 
P C,  backwards;  and  to  B,  the  Force  + \mr  PC,  forwards; 
which  refpe£tively  added  to  what  had  been  laid  down  before ; the 
Force  upon  A will  bejwrPC  — \ mr  PC  = 0 P C,  which  there- 
fore will  remain  at  Reft;  and  the  Force  upon  B will  be  f m r P C 
-f-  y m r ¥ G -rzi  m r PC,  forwards  ; which  therefore,  ( upon  Ac- 
count of  the  Weight  m P ) will  be  carried  forwards  with  the  Ce- 
lerity r C,  which  was  that  of  A. 

Another  IDemosiJlration. 

Let  the  two  heavy  Bodies  A,  B,  be  fuppos’d  equal,  as  before; 
and  let  A ftrike  dire&ly  againft  B at  reft,  with  the  Celerity  r C 
forwards.  Let  there  be  fuppos’d  alfo  to  be  fuperadded  to  both,  a 
common  Motion,  with  the  Celerity  ■ — DC,  backwards ; by  which 
Means  the  Celerity  of  A will  be  r C —\r  C = jtC,  forwards ; 
and  the  Celerity  of  B will  be  — \ r C,  backwards : In  which  Cafe, 
the  Body  A,  after  Congrefs,  will  be  carried  with  the  Celerity 
. — , \ r C,  backwards ; and  B with  the  Celerity  -f-  \ r C,  for- 
wards : But,  ( by  Reafon  of  the  common  Motion,  which  is  as 
nothing,  as  far  as  it  refpeffs  the  Impulfe)  there  will  be  the  fame  Ef- 
fect of  the  Impulfe  in  the  prefent  Cafe:  If  therefore  they  be  re- 
ftor’d  to  their  former  State,  by  taking  away  on  both  Sides  the  Ce- 
lerity which  was  added  — \ r C (or  which  comes  to  the  fame 
Thing,  by  adding  the  Celerity  -frC,  forwards)  then  will  the 
Celerity  of  the  Body  B be  found  — %rC-hjrC  = oC',  and 
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die  Celerity  of  B to  be  + f r C -ft  j r C = r C.  That  is,  A 
will  remain  at  Reft,  and  B will  be  carried  forwards  with  the  Cele- 
rity that  before  belonged  to  A. 

SCHOLIUM. 

I have  here  collected  feveral  Demonftrations  (as  I have  done  the 
fame  in  other  Propofitions  ) not  that  I diftruft  the  Force  of  any 
fingle  one  ( or  would  be  fuppos’d  willing  to  fupply  Want  of  Reafon 
by  Redundancy  of  Numbers)  for  every  one,  I think,  carries  its  own 
Evidence ; but  I did  it  to  fuit  the  different  1 aftes  of  different 
Readers,  who  fometimes  prefer  one  Method  of  Demonftration  to 
another:  The  firft  indeed,  and  fecond  do  more  clearly  explain 

the  phyfical  Caufe  of  the  Thing,  which  yet  I profecute  more 
Sparingly  in  the  following  ones,  as  what  depends  upon  thefe.  And 
the  laft  but  one  (taken  from  a Confideration  of  the  Force,  if  there 
had  been  no  Elafticity,  and  of  the  reftitutive  Force  ol  the  Elaftici- 
ty,  always  equal  to  the  Imprelfion  ) are  the  beft  accommodated  to 
my  Hypotneies,  and  are,  if  I miftake  not,  true  Geometrical  De- 
monftrations. I have  likewife  added  the  laft  for  the  Sake  of  thole 
who  do  not  fo  readily  aflent  to  thole  Hypothefes  of  mine  ( which  as 
yet  aie  not  generally^receiv’d)  for  by  this  Mlethod  (which  as  well 
as  the  other  I likewife  accommodate  to  the  following  Propofitions) 
which,  letting  afide  all  others,  draws  the  following  Propofition  by 
a juft  Calculus,  only  from  admitting  Trop  3.  and  4.  of  this  Chapter, 
( which  others,  rather  than  endeavour  to  prove  them,  efteem  as 
Poftulatums,  as  evident  in  themlelves,  and  prov,d  by  phyfical  Ex- 
periments). By  this  Method,  I fay,  it  happens,  that  whatever  Doubt 
there  be  of  thofe  Hypothefes,  which  yet  I take  as  mighty  juft  and 
true,  yet  is  there  no  Room  left  to  doubt  of  the  Truth  of  the 
Propofitions  ; which  depends  no  otherwife  upon  my  Hypothefes, 
than  that  I from  thence  prove  the  third  Propofition  of  this  Chap- 
tei,  which  otheis  efteem,  without  any  Proof,  a Poftuiatum.  And 
I likewife  thought  it  not  at  all  an  improper  Undertaking,  to  fhew 
the  Confent  of  each  Method  : So  that  the  Phenomena  of  Motion 
in  oui  Hypothefes  ( altho  deduc  d from  other  Principles  and  the 
Hypothefis  itfelf,  afterwards  publilh’d  in  the  philofophieal  Tranfa&i- 
ons,  was  lirft  exhibited  to  the  Royal  Society,  and  inferred  in  their 
Regifteis,  beloie  either  ol  the  others  were  made  publick  or  exhibited) 
are  plainly  the  fame  with  the  Phenomena  of  the  Hvpothefis  of  our 
own  Countryman  the  late  Sir  Chnjtopher  IVrenn,  and  the  Dutchman 
Lmtjitan  Hagens.  But  ftill  there  is  this  Difference  between  them; 

1 1 2 that 
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that  what  they  demanded  as  Poftulatums,  or  infer  from  Obferva- 
tions,  wherein  no  Regard  was  had  to  the  Principle  of  Elaftici- 
ty;  we,  by  Means  of ''this  Principle,  deduce  from  firft  Principles, 
while  at  the  fame  Time,  the  Phenomena  which  we  colled,  from 
thence  by  Reafoning,  proceed  upon  the  fame  Foundation  theirs  do, 
viz.  Rom  approv’d  Experiments  which  they  had  obferv’d.  So  that 
upon  that  Account  there  would  be  lefs  Occafion  to  doubt  of  the 
Truth  of  our  Confent  in  thefe  Appearances,  fince  each  of  us,  without 
the  Knowledge  of  the  other,  upon  different  Principles,  and  by  dif- 
ferent Methods,  arriv’d  at  the  fame  Phenomena. 

PROPOSITION  VI. 

If  two  elafick  Bodies,  equal  to  each  other , are  carried  in  the' 
fame  right  Line  towards  the  fame  Bart,  by  unequal  Celerities  ; and 
the  hindermoft  one,  being  carried  with  the  greater  Celerity , ftrikes 
direCtly  againft  the  antecedent  one  ; after  Impulfe,  they  Jhall  be  both 
carried  in  the  fame  ‘Direction,  but  with  inter chang  d Velocities. 

Let  the  Weight  of  both  thefe  equal  Bodies  A and  B be  m P ; 
let  the  Velocity  of  A be  = and  of  B,  s C : So 

that  the  Momentum  of  A will  be  m r PC,  and  of  B,  ms  PC,  both 
forwards ; upon  which  Account  the  reftitutive  Force  of  the  elaftick 
Principle  (being  always  equal  to  the  Shock  ) will  be  mr  PC  — ms- 
P C =r  m t PC;  which  by  attempting  equally  on  all  Sides  to  difen- 
gaae  itfelf,  will,  with  the  one  Half  of  its  Force  \ m t P C,  lepel  A, 
and  with  the  other  urge  forwards  B.  So  by  Pveafon  of  the  com- 
mon Weight  m P,  it  communicates  to  A the  Celerity  — \t  C — — 

r-CZl  c,  backwards,  and  to  B the  Celerity  t \ t C = -f-  — ~ C 
forwards.  But  if  otherwife,  there  was  no  Elafticity,  then  both 
would  be  carried  with  the  Velocity  y~C;  which  being  added 

r — s r — )—  s 

on  both  Sides,  the  Celerity  of  A will  then  be — C wy— 

C - j C ; and  of  B 4-  C+^C  = rCi  that  is,  both  will 
proceed  forwards,  with  interchang’d  V elocities. 

Another  Demonf  ration  of  this . 

Let  the  two  equal  Bodies  be  A,  B (Fig.  5.  Tab.  Seq.J  and  let  the 
Celerity  of  the  antecedent  one  B,  be  jC,  and  of  the  hinder  Body  A,  let 
the  Celerity  (which  muff  here  be  fuppos’d  the  greater  of  the  two) 
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berC  — j- C ft- ? C.  Since  then  the  Celerity  j- C is  common  to 
both,  ’tis  the  fame  in  Effect  (as  to  the  Compreffion  of  either)  as 
if  it  was  fuppofed  to  be  taken  away  on  both  Sides.  Therefore  the 
hinder  Body  A,  will  ft r ike  upon  the  quiefcent  one  B,  with  the 
Excefs  of  its  Celerity  t C.  In  which  Cafe  B,  after  Collifion,  will 
be  driven  forwards  with  the  Celerity  t C,  which  was  that  of  the 
following  one  A ; and  A,  as  if  now  at  Reft,  with  the  Celerity  o C : 
If  then  the  common  Celerity  sC  (juft  now  fuppos’d  taken  away) 
be  again  reftor’d  to  both,  then  will  the  Celerity  of  A be  found  to 
be  o C + ^ C = J C ; and  the  Celerity  of  B t C ft-  s C ~r  C : that 
is,  both  will  be  continued  in  the  fame  Direction,  with  interchang’d 
Velocities. 


PROPOSITION  VII. 

If  two  clafick  Bodies  equal  to  each  other j ( being  carried  to  op- 
pofite  Barts  in  the  fame  right  Line ) directly  meet  each  other- 
with  unequal  Celerities  ; after  Collifon  they  jhall  be  return’d  to 
contrary  Barts with  interchang’d  Celerities. 

Let  the  Weight  of  both  the  Bodies,  A,  B,  ( Fig.  4.  Tab.  Seq.J  be 
m P,and  the  Celerity  of  A berC,  forwards,  and  ofB— jC,  backwards; 
and  let  r f s ~ z.  The  Momentum  of  A fhallbe-t-  m r PC;  and  of' 
B,  — »;PC:  Therefore  the  reftitutive  Force  (equal  to  the  Blow) 
of  the  elaftick  Principle  (which  fuftains  both)  will  be  mr  PC  + 
msFC  =«zP  C;  which  endeavouring  to  difengage  itfelf  on 
both  Sides,  with  the  Half  of  its  Force  \ m z PC  repels  both  the 
Bodies;  and  therefore,  by  Reafon  of  the  common  Weight  m P, 

gives  to  A the  Celerity  — f -s  C = — C,  backwards; 

and  to  B the  Celerity  -ft  f z C = 4 C,  forwards.  But  if 

there  was  no  Elafticity,  then  they  would  both  be  carried  with 
the  Celerity  r-^d  C ; which  added  on  both  Parts,  will  make  the 

Celerity  of  A to  be — C ft-  — — Q — — s C,  backwards ; 

and  of  B to  be  ft-  C ft-  f—~ — C = ft-  r C,  forwards;  that 
is,  to  oppoftte  Parts,  with  interchang’d  Celerities. 


Another. 
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Another  Demonf  ration. 

Let  the  Celerity  of  A be  rC=jC  4-  t C,  forwards ; and  of 
B,  fuppofed  equal  to  A,  let  the  Celerity  be  — s C,  backwards;  and 
thefe  two  Bodies  to  meet  each  other  dire&ly.  As  then  the  Cele- 
rity common  to  both  is  s C,  but  to  different  Parts : Accordingly 
after  Collifion,  (by  Reafon  of  thefe  Celerities)  A will  be  carried 
with  the  Celerity  — s C,  backwards;  and  B,  with  that  of  4-  s C, 
forwards : But  let  thefe  Celerities  be  fuppofed  taken  away,  then 
there  will  be  left  to  the  Body  A.  the  Celerity  t C,  with  which  it 
ftruck  the  quiefcent  Body  B;  and,  upon  Account  of  this  Celerity, 
the  Body  B will  be  carried  forwards  with  the  Celerity  t C,  and 
A (now  quiefcent)  with  the  Celerity  o C ; which,  if  refpe&ively 
added  to  thofe  before  mention’d,  then  will  the  Celerity  of  A 
be  — s C 4“  0 C — — s C,  backwards  ; and  of  B,  4-  j-  C 4- 
t C = 4-  r C,  forwards;  that  is,  to  contrary  Sides,  with  inter- 
changed Celerities. 

Another  Ttemonf  ration  of  this. 

Let  there  be  fuppofed  two  Bodies  A B,  which  meet  one  another 
diredtly ; A with  the  Celerity  rC  = s C t C,  forwards  ; and 
B with  the  Celerity  — s C,  backwards.  Let  there  alfo  be  given  to 
both,  (by  a common  Motion)  the  Celerity  4-  J C,  forwards  ; by 
which  Means  the  Celerity  of  A will  become  r C + s C,  for- 
wards ; and  of  B-t  C + jC  = «C:  ( that  A may  be  carried 
with  the  Celerity  rC-t-^C  towards  B as  quiefcent)  which  being 
fuppos’d;  the  Celerity  then  of  A,  after  Collifion,  will  be  o C;  and  of 
jj/c  + J C,  forwards : And  the  fame  likewife  will  happen,  in 
the  Cafe  propounded  (as  far  as  regards  the  Impulfe).  If  therefore 
the  Celerity  4-  s C ( which  was  added ) fhould  be  taken  away  on 
both  Sides,  then  will  the  Celerity  of  A be  found  to  be  0 C — 
jC  = ' — s C,  backwards  ; and  of  B to  be  r C 4-  j-  C — s C ~ 
r C,  forwards;  that  is,  they  will  be  carried  to  oppofite  Parts,  with 
interchang’d  Velocities. 

PROPOSITION  VIII. 

If  a heavy  Body  in  the  Motion 3 either  frikes  dire  lily  againfl  a 
Quiefcent  one  ( either  equal  or  unequal  to  it  J with  any  given  Be- 
ffcitv ; (and  let  one  or  both  of  them  be  fuff  os1  d elafick  J the  Cele- 
rity 
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rity  then  of  the  impingent  Body after  Colli fiory  fhall  be  to  the 
Celer  ity  it  had  before as  the  'Difference  of  Weights  to  their  Sums  ; 
and  this  will  be  either  backwards  or  forwards according  as  the 
Weight  of  the  impingent  Body  is  lefis  or  greater  than  that  of 
the  fpuiefcent  one  ; and  if  both  are  equal , then  will  it  remain  at 
thefe.  The  Celerity  likewife  of  the  Body  at  Rcff  ( after  Collifion ) 
will  be  to  that  of  the  impingent  one as  double  the  Weight  of  the 
Impingent , to  the  fame  Sums  of  their  Weights  ; and  therefore fhp- 
pofing  their  Weights  equal , its  Celerity  will  be  that  of  the  fir  ft 
mov’d  Body. 

Let  the  Weight  of  the  Body  A in  Motion  be  m P,  and  its 
Celerity  r C,  and  its  Momentum  confequently  m r PC:  And  let 
the  Weight  of  the  Body  at  Reft  ( which  A ftrikes  directly  againft) 
be  n P ; Then  will  the  reftitutive  Force  ( always  equal  to  the 

Shock)  of  the  Elafticity  be  — - 1 — r PC,  which,  by  attempting  to 

free  itfelf  equally  on  all  Sides,  will,  with  the  one  Half  ~~yi  tPC 

of  its  Celerity,  repel  A,  and  with  the  other  drive  forwards  B 
and  confequently  gives  to  that  (on  Account  of  the  Weight  m P ) 

the  Celerity  ■ — - — — - r C,  backwards;  and  to  this  ( by  Reafon  of 


the  Weight  n P)  the  Celerity  + —~—r  C,  forwards:  But,  on 
the  other  Hand  (fuppofing  the  Elafticity  away)  they  would  then 
be  both  carried  with  the  common  Celerity  ~~ — r C,  forwards* 
which,  if  added  on  both  Sides,  then  will  the  Celerity  of  A be 
found  to  be — r C ~b  — —t — r C — r q either  for- 

n YrT  —4—  n 7 


m 


wards  or  backwards,  according  as  m or  n is  largeft ; or  elfe  none 
at  all,  if  thefe  are  equal,  becaufe  m — n — o : and  the  Celerity  of 

r C ; and  if  m 


B will  be  -j~  r 


r C -f- 


r C 


2 m 


m 


with  the  Celerity  r C.  Which  was  to  be  demonftrated. 


Another  Demonfir  at  ion. 

Let  the  Weight  of  A be»  P,  and  the  Weight  of  B be 
and  let  A be  fuppofed  to  ftrike  dire&ly  againft  B,  with  the  Celerity 
r C ; let  this  Celerity  alfo  r C be  fuppofed  to  be  divided  in  Parts, 

red- 
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reciprocally  proportional  to  the  Weights,  viz.  into  — r C, 

which  may  anfwer  to  the  Weight  m P,  and  into  AfVa  r C,  which 

may  anfwer  to  the  Weight  n P.  And  further,  let  the  Cele- 

tity  g~pyn  r ^ ( which  belongs  to  B ) be  taken  away  on  botli 

Sides,  or,  which  is  much  the  fame,  added  to  the  Motion  backwards ; 
( which  common  Addition  or  Subduftion  of  Impulfe  makes  no 
Difference  in  our  Account ) then  will  the  Celerity  of  A be 

and  of  B,  0 C — —f — r C 


r C r C — — tT*  r C; 

m -f-  n m n 


m -)- 


771 

— — r are  in  a reciprocal  Proportion  to  the 

Weights:  Therefore  they  will  both  be  return’d  back  with  the  fame 
Celerities  they  approach’d  ; that  is,  A with  the  Celerity  — — 

r C,  backwards,  and  B with  the  Celerity  — r C,  forwards, 

J m -j-  n 7 7 

and  the  fame  will  be  the  Ratio  of  the  Impulfe  in  the  Prefent  Cafe: 
And  therefore,  if  the  Celerity  ; r C forwards,  be  reftor’d  on 
both  Sides,  ( which  was  juft  now  taken  away)  then  will  the  future 


Celerity  of  A be  found  to  be 


rC  + 


r C = 


m -{-  » m -)-  » m n 

tC;  which  will  be  either  forwards  or  backwards,  as  m or  n fhall 
be  greateft  (or  elfe  neither  Way,  if  they  are  equal  ).  And  the  Cele- 


rity of  B will  be 
wards,  as  before. 


m -J-  n 


r C -+- 


+ 


- r C =r 


m -j-  n 


r C,  for- 


PROPOSITION  IX. 

If  two  elaflick  Bodies,  either  equal  or  unequal,  be  carried  in 
the  fame  right  Line  towards  the  fame  Place , with  any  given  V elo- 
cities  ( tho*  fuppos’ d fuch,  as  that  the  following  Body , carried  with 
the  greater  Velocity  of  the  two , (hall  Jtrike  diretlly  again f the  an- 
tecedent one).  Then  after  Co  lli f on , they  fall  be  both  carried  with 
the  fame  Velocities , towards  the  fame  Parts  ; as  will  off  ear  from 
the  prefent  Calculus. 


Let 
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Let  the  Weight  of  the  antecedent  Body  B be  n P,  and  its 
Celerity  s C forwards;  let  the  Weight  of  the  following  one  A be 
m P,  and  its  Celerity  (greater  than  the  other’s)  r C =r  s C -h 
t C : The  reftitutive  Force  (being  always  equal  to  the  Shock)  of  the 

Elaftieity  will  then  be  t PC;  which  endeavouring  e- 

qually  on  both  Sides  to  explicate  itfelf,  will  exert  on  both 

Sides  its  half  Force  P C ; and  fo  give  to  A,  by  reafon 

of  the  Weight  m P,  the  Celerity  — t C,  backwards;  and  to 

B,  by  reafon  of  its  Weight  n E,  the  Celerity  -f-  t C,  for- 

wards: But  then  (fuppofing  no  Elaftieity)  they  would  be  carried 

yyi  t*  1 1 s 

with  the  common  Celerity  — ±~—  C ; which  if  added  on 

YYl  1 j 1 /i’ 

either  Side,  will  give  the  future  Celerity  of  A 


n s £ m r • 


ns  •—  n t 


m r > — nr  1 n s 


m q-  n 


t c 


m -I-  n 


C ; which  will 

be  either  forwards  or  backwards,  according  as  the  Sign  -f-  or pre- 

vails, and  confequently  neither  Way,  if  they  are  equal ; and  the  Ce- 


lerity of  B will  be  — — t C H-  — C 

J m-\-n  m n 

m -f-  n 7 


t -{-  m ; 
rn-\-) 


c — 


Another  'Demon ft  ration  of  this. 

Let  the  Weight  of  A be  m P ; and  of  B,  n P,  and  let  both  be 
carried  in  the  fame  right  Line  towards  the  fame  Place ; fuppofe  both 
forwards,  and  B with  the  Celerity  s C ; and  A with  the  greater  Ce- 

lerity  r C = s C + 1 C ; and  to  ftrike  direftly  againft  B. 

Suppole  alio,  by  a common  Motion,  the  Celerity  s C to  be 
taken  from  both;  (which,  as  it  is  common  to  both,  will  make 

no  Alteration  in  the  Impulfe.)  By  which  Means  B will  be 

reduc  d to  reft,  (by  reafon  yC  - j C = « C ; ) and  A will  ftrike 
directly  againft  it  with  the  Celerity  r C — s C 1 ==  t C.  In  which 

Cafe,  A,  after  Collifion,  will  be  carried  with  the  Celerity 

1 m + n 7 

(either  forwards  or  backwards,  as  m or  n fhall  prevail)  and  B with 

K k tile 
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the  Celerity 


2 m 


t C,  forwards.  As  therefore  the  Reafon 


• rrt  — j — r* 

(Ratio)  is  the  fame  in  the  prefent  Cafe  (as  far  as  regards 
the  Impulfe)  if  the  Celerity  x C forwards  be  again  reitor’d 
on  both  Sides,  ( which  was  before  fuppos’d  taken  away  ) then 

...  . m — n ^ . mt  4-  m s — n t A~ns 


the  future  Celerity  of  A will  be  t C -J-  s C - *qrj 


rn  r — n f 


z n s 


m -j-  « 

wards,  according  as  the  Sign  + or  prevails ; and  confequently 
neither  Way,  if  they  are  equal).  And  the  Celerity  of  B will  be 

o * —!—  vyt  r -4-,  n f _ 2 m T «■—  YYI  S *4—  US  ^ n 1 

i — q forwards, 


C;  (which  will  be  either  backwards  or  for- 


— 7—  ^C  + iC  = - — — J_  9 ^ — 


: + 


as  before.. 


PROPOSITION  X.  and  laft. 


If  two  elaftick  Bodies,  either  equal  or  unequal , dire  Elly  meet  each 
other  in  the  fame  right  Line,  with  any  given  Celerities,  they  will 
both,  after  Collif  on,  be  carried  with  the  fame  Celerities,  and  to  the 
fame  T lace / as  will  appear  from  the  Calculation. 

Let  the  Weight  of  A be  m P,  its  Celerity  -f-  r C,  forwards  • 
let  the  Weight  of  B,  diredly  meeting  A,  be  n P,  and  its 
Celerity  — s C,  backwards : And  let  r + J=  #,  the  reftitutive 

Force  (being  always  equal  to  the  Blow)  will  then  be 
2 p C;  which  endeavouring  to  difengage  it  felf,  will  equal- 
ly divide  its  half  Force  «PC;  and  confequently  will 

- * C, 


give  to  A,  by  reafon  of  its  Weight  m P,  the  Celerity  — — 
backwards.  And  to  B,  by  reafon  of  its  Weight  n P,  the  Celerity 
+ z c,  forwards.  But  on  the  other  Hand,  if  there  was  no 

Elasticity,  they  would  then  both  be  carried  with  the  Celerity 
C • which  therefore  added  on  both  Sides,  will 


Wl  f — - Yl  S 

m 


C -+* 


, n 

make  the  future  Celerity  of  A to  be  — 

m r — m s mr  —nz— ns  __  m r —n  r—  a ^ wjqc{1  W|H  be 

V-  — ™ i _ « ^ ' — m -~-n  7 

either 


m 


m 
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either  forwards  or  backwards,  according  as  the  Sign  + or 
vails;  and  confequently  neither  Way,  if  they  prove  equal 

the  Celerity  of  B will  be  * C + — ^ C = * ' + * 

2 m y 


• pre- 
And 


rn  s — n s 


m n 

C,  which  will  likewife  be  either  forward  or 


backward,  as  the  Sign  -h  or  — prevails ; and  neither  Way,  if  both 
prove  equal.  ^ E.  T). 


Another  Demonftration. 


Let  the  Weight  of  A be  m P ; and  of  B,  n P ; which  are  to  meet 
one  another  direflly : A with  the  Celerity  r C forwards  ; 

and  B with  the  Celerity  — s C,  backwards ; and  let  r -f-  s 
— z.  Let  there  be  fuppos’d  likewife  (by  fome  common  Mo- 
tion, (which  therefore  will  make  no  Difference  as  to  Impulfe) 
to  be  added  to  both  the  Celerity  + j C,  forwards ; by  which 
Means  B will  be  reduced  to  reft,  (becaufe  — x C + j C = o C ;) 
and  A will  ftrike  upon  it  as  at  reft  with  the  Celerity  rC-f-jC  = 
z C.  In  which  Cafe,  A,  after  Collifion,  will  be  carried  with  the 

Celerity  # C ; and  B,  with  the  Celerity  -z-~-  z C.  So  that 

now  taking  away  the  Celerity  s C from  both  Parts,  which 
was  juft  added,  the  future  Celerity  of  A will  be  found 


to  be 


sC-jC- 


m z — ms* 


- n z — n s £ m r • 


2 ns 


C ; which  will  be  either  forwards  or  backwards,  as  the  Sign  -f-  or  — 
prevails  ; and  neither  of  them,  if  they  be  equal.  And  the  Celerity 

of  B will  be  z C — s C — 2 s C = ZULS 

m -p  n m -p  n m _i-  n 

C ; which  will  likewife  be  either  backwards  or  forwards,  according 
to  the  Prevalence  of  the  Sign  -ft  or  — ; or  neither  Way,  if  they 
prove  equal.  E.  T>. 


Iv  k 2 


BOOK 


O O K.  It 


C H A P.  XIII. 

Of  the  lntf>ulfi*ve  Force  of  Air  and  other  Fluids , in? 

Hydroftaticks. 

ITHERTO  we  have  difcours’d  of  the  Equilibri- 
um of  Fluids  by  their  Gravity  or  Weight,  and  by  their 
Elafticity  or  Spring,  but  there  is  alfo  an  Equilibrium 
of  Fluids  which  is,  as  it  were,_  a Compound  of  both 
the  other  two  ; namely,  by  their  Impulfe. 

....  Flame,  as  the  very  curious  and  ingenious  Mar - 

riotte  obferves,  can  make  an  Equilibrium  with  other  Weights,  by 
its  Impulfe.  But  as  it  is  very  rarely  made  ufe  of  to  work  Engines, 
any  other  than  to  ratify  the  Air  in  Pipes  of  Force  it  is  not  necef, 
fary  to  examine  in  this  Place,  nor  compaie  it,  with  other  Fluids. 

Now  as  the  Demonftration  of  this  Impulfe,  and  the  Equilibrium 
it  makes  with  other  Bodies,  depends  upon  the  Defcent  of  thofe 
Bodies  which  are  either  accelerated  or  retarded  according  to  the 
Height  or  Depth  of  the  Place  from  whence  they  proceed  ; and  whe- 
ther they  afcend  or  defcend  : So  confequently  an  accelerated  Motion 
is  that  whole  Celerity  or  Velocity  becomes  greater  every  Moment ^ancf 
which  is  the  Confequence  of  a Body  that  tails  in  open  Air,  occa- 
fion’d  by  the  Impulfe  of  the  fuperincumbent  Fluid,  as  Air,  Water, 
and  the  like ; and  a retarded  Motion  is  that  whofe  Velocity  is  dimi- 
nifhed.  every  Moment J by  riling  upwards- m the  lame  Ratio  as  the 
other  is  accelerated  by  falling  downwards  • and  this  is  called  the  free. 
Defcent  of  a heavy  Body ; by  which  we  here  underhand  the  Fall  or 
that  Body  in  open  Air,  when  it  meets  with  no  other  Body,  tooppofe 
its  Motion ; in  which  it  is  generally  obferved,  that  a Body  (as  be  to  re 
hinted)  which  falls  freely  in  the  Air,  acquires  in  equal  Moments  ot 

* A.  c 
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Time,  equal  Degrees  of  Velocity,  and  that  the  Spaces  through  which 
the  Body  goes,  encreafeeach  Moment  or  Inftant  of  Time  according 
to  the  Series  of  the  firft  uneven  Numbers,  i,  3,  5,  7,  9,  &c.  which 
are  the  Differences  of  the  Squares  1,  4,  9,  16,  25,  &c.  of  the  arith- 
metically proportional  Numbers  1,  2,  3,  4,  5,  &c.  and  that  confe- 
quently  the  Spaces  which  Bodies  go  through  from  the  Beginning  of 
their  Fall,  are  in  a duplicate  Ratio,  or  as  the  Squares  of  the  Times 
or  Moments ; and  it  is  only  by  Experience,  that  we  can  account  for 
this  Proportion,  which  will  be  as  a Foundation  for  the  greateft  part 
of  what  we  fhall  hereafter  fay. 


PROPOSITION  I. 

The  Space  which  a heavy  Body  goes  through  in  a determinate  Time 
being  known  > to  find  out  what  Space  it  will  go  through  in  a given 
Time. 

Suppose  a Body  to  have  defcended  twenty  four  Foot  in  one  Mi- 
nute  of  Time,  to  find  how  far  the  fame  Body  will  fall  in  the  fame 
Medium  in  three  Minutes,  for  Example  to  the  Numbers  1 : 9 : : 24s, 
the  two  firft  of  which,  (vizi)  1,  9,  are  the  Squares  of  the  given 
Times,  one  Minute  and  three  Minutes ; and  the  third,  viz.  24.  is 
the  Space  gone  through  in  the  firft  Time  : But  to  this  you  are  to  find 
a fourth  Proportional.  Which  is  done  thus : 

If  1 : requires  9,  what  will  24  require  ? 

Multiply  9 


gives  2i 6 


To  invert  the  laft  Propoiition,  let  us  propofe  the  next. 

PROPOSITION  II. 

The  Time  being  known  in  which  a heavy  Body  deficends  through  a 
determinate  Space „ to  find  in  how  long  Time  it  will  deficend  through 
a given  Space. 

Suppose  a Body  has  fpent  one  Minute  in  falling  24  Feet,  to  find 
what  Time  it  will  fpend  in  falling,  for  inftance,  216  Feet,  in  the 
fame  Medium,. .. 

Sa^p  - 
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Say,  as  24  is  to  216,  To  is  1 to  the  Square  of  the  fourth  Propor- 
tional requir’d. 

24  : 2i 6 . 1 
1 

24)  216  (9 
216 


o 


So  that  it  appears  the  Number  fought  for,  is  9,  the  Square  whereof 
is  3. 

This  being  premis’d  concerning  the  Calculation  of  defending 
Bodies,  as  Fluids,  and  the  like,  by  their  Impulfe,  or  the  fuperincum- 
bent  Weight  of  its  own  or  other  Bodies  gravitating  upon  them;  and  it 
being  manifeft  that  an  inferior  Fluid  is  prefs’d  by  a fuperior,  and  that 
equally  every  Way,  becaufe  Action  is  equal  to  Re-adion,and  endea- 
vours to  recede  every  Way  equally;  and  becaufe  Air  and  Water  are 
the  chief  of  the  Fluids  that  are  applied  to  the  moving  of  Engines  or 
Machines,  for  elevating  of  Water,  and  driving  of  Mills;  it  will  be 
requifite  in  the  next  Place  to  fhew  how  they  make  an  Equilibrium 
with  each  other,  and  how  they  ftrike  againft  and  impel  other  Bodies, 
as  we  have  it  fo  well  defcrib’d  by  MarnottCj  Dilcourfe  3.  p.  116.  of 
his  Hydrofiaticks. 

Jet's  a*  Eau  (fays  he)  Spouts  or  Streams  of  Water  do  not  impel 
with  the  united  Force  of  all  their  Tarts 3 as  folid  Bodies  do.  Let 
A B,  Fig.  5.  Tab.  Seq.  be  a Spout  of  Water  ilfuing  from  the  Cylin- 
der C D,  and  1 C F is  a Cylinder  of  Wood,  whofe  Parts  being  join- 
ed together,  ’tis  evident,  that  when  the  Extremity  F of  this  Cylin- 
der ft  likes  againft  a Body,  it  impels  it  with  the  united  Force  of  all 
its  Parts:  But  a Spout  or  Stream  A B,  being  carried  according  to 
the  Direction  A d B,  can  only  ad  by  thofe  Parts  that  go  firft  ; for 
Water  being  a Fluid,  and  compos’d,  as  it  were,  of  an  infinite  Num- 
ber of  Corpufcles,  or  little  Bodies,  that  Hide  one  upon  another,  as 
fmall  Grains  of  Sand  would  do;  only  the  firft  towards  B can  make 
the  firft  Effort  upon  Bodies  that  they  meet,  and  they  either  refled 
or  fall  off  before  the  other  Parts  at  d can  impel  in  their  turn. 

For  the  better  underftanding  of  this,  you  muff:  confider  that  the 
Velocity  of  Water  going  out  at  a fmall  Hole  made  at  the  Bottom  of 
a very  large  Tube,  is  very  different  from  the  Velocity  of  that  which 
iffues  from  a Tube  whofe  Diameter  is  equal  throughout;  for  if  in 
this  latter  Cafe  it  begins  to  go  out  very  flowly,  juft  as  a Cylinder  of 
Ice  would  do,  that  you  fhould  let  fall. 
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Expek.  2.  Fig.  6.  Tab.  fieq.  Let  A B be  a Tube  of  equal  Breadth, 
fill’d  with  Water,  and  fu drain’d  with  the  Finger  at  B;  ’tis  evident 
that  the  Velocity  of  the  Water  when  it  goes  out  at  B_,  is  equal  to 
that  at  A,  and  the  whole  Cylinder  of  Water  falls  at  once,  as  if  it 
were  folid  ; and  confequently  to  the  fame  Rules  in  falling,  that  a Cy- 
linder of  Ice  of  the  fame  Bulk  would  be  ; namely,  that  beginning 
by  a very  fmall  Degree  of  Velocity,  it  encreafes  in  its  Defcent,  ac- 
cording to  the  uneven  Numbers  i,  3,  5,  7,  &c.  that  is  to  fay,  if  in- 
one  Quarter  of  a Second  it  falls  a Foot,  the  fecond  Quarter  it  will 
fall  three  Foot,  in  a third,  five,  and  fo  on  ; from  whence  it  follows, 
that  the  Water  which  was  at  A,  being  got  to  B,  will  go  out  much 
fafter  than  that  which  goes  out  fir  fir. 

Galileo  (fays  our  Author)  has  fpoken  very  largely  of  this  Accele- 
ration of  the  Velocity  of  Bodies  that  fall  freely  in  the  open  Air, 
which  may  be  thus  conceiv’d  ; fuppofe  a very  light  Body  to  fir  ike 
againft  another  an  Hundred  times  heavier  than  it  felf,  it  will  give 
the  hundredth  part  of  its  Velocity,  and  flunking  it  a fecond  time,  it 
will  give  another  hundredth  Part  ; fo  that  if  the  impelling  Body  has 
an  Hundred  and  one  Degrees  of  Velocity,  the  impelPd  Body  will 
take  one  Degree  at  the  firft  Impulfe,  and  its  Quantity  of  Motion 
will  be  an  Hundred  ; and  being  impell’d  a fecond  time  by  the  light 
Body,  with  the  fame  Velocity  of  an  Hundred  and  one  Degrees,  it 
will  receive  from  it  a new  Degree  of  Velocity;  which  join’d  to  the 
firft,  will  make  two  Degrees;  The  third  Impulfe  will  ftill  add  a De- 
gree, and  fo  on,  the  fame  thing  will  happen,  if  a weak  Power  draws 
a very  heavy  one  to  it,  by  afting  upon  it  fucceffively.  Now  whe- 
ther a Body  be  attracted  or  impell’d  by  a very  light  Fluid;  if  at  the 
firft  Moment  of  its  Effort,  it  moves  in  a Line  by  an  uniform  Velo- 
city, at  the  fecond  Impulfe  and  fecond  Moment,  it  ought  to  move 
two,  and  at  the  third  Moment  three.,  &e. 

Now  if  you  take  feveral  Numbers  one  after  another,  beginning 
with  an  Unit,  1,  2,  3,  4,  &c.  to  20,  and  count  20  Moments,  the 
Sum  of  this  Progreffion  will  be  210;  and  if  you  count  40  Moments 
according  to  the  lame  Progreffion  to  40,  the  Sum  of  thefe  latter 
Numbers  will  be  820,  which  is  near  the  Quadruple  of  210,  the  Sum 
of  the  20  firft  Numbers ; but  if  you  proceed  thus,  in  infinitum , this 
laft  Sum  will  be  the  Quadruple  of  the  firft  precifely,  becaule  the 
Proportion  of  the  Defect  continually  decreafes ; which  Galileo  has 
alfo  prov’d  in  his  Treatife  of  the  Acceleration  of  the  Motion  of  fal- 
ling Bodies. 

But  if  the  Motion  be  made  through  a very  heavy  Fluid,  this  Ac- 
celeration will  loon  be  ftopt,  and  the  failing  Body  reduc’d  to  an  uni- 
form 
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form  Velocity,  as  likewife  a very  light  Body  that  falls  in  open  Air, 
as  has  been  prov’d  in  home  Treatifes  on  Percuffion. 

Experiment  3.  Fig.  7.  Tab.  feq.  Take  a bended  Tube  two  or 
three  Foot  long,  of  equal  Breadth  throughout,  as  C D D,  pour  Wa- 
ter in  at  G till  it  runs  out  at  G,  then  flop  the  End  G with  your  Fin- 
ger, and  pour  on  till  you  fill  the  Tube  up  to  C;  and  after  this  flop 
the  End  C with  another  Finger,  and  open  the  End  G:  If  the  Tube 
be  only  three  or  four  Lines  in  Diameter,  the  Water  will  not  run  out 
at  all;  take  off  the  Finger  that  ftopt  the  End  C,  and  put  it  on  again 
very  fuddenly,  the  Water  will  ipout  out  at  G only  four  or  five  Lines 
high;  whereas  if  the  Tube  C D be  much  wider  than  the  Hole  G; 
for  example,  if  it  be  nine  Lines  in  Diameter,  and  the  End  only  two 
or  three  Lines,  and  you  open  and  fhut  the  fmall  Aperture  at  G with 
the  fame  Hafte,  the  Drops  of  the  Water  that  go  out  at  G,  will  fpout 
up  almoft  as  high  as  C. 

You  may  ftill  further  perceive  the  Slownefs  of  the  Wateffs  Mo- 
tion at  its  firft  going  out  of  the  Tube,  as  A B in  Fig.  2.  and  its  Ac- 
celeration, if  you  fill  this  Tube  with  Water,  and  fuftain  it  with  your 
Finger,  fuftaining  likewife  a little  Stone  with  another  Finger  on  the 
fame  Hand  ; for  taking  away  your  Hand  luddenly,  you  will  fee  the 
Stone  and  the  loweft  part  of  the  Water  defcend  with  the  fame  Ve- 
locity for  twelve  or  fifteen  Foot  together.  Another  very  curious 
Experiment  is  made  in  the  following  Manner: 

Experiment  4.  Fig.  8.  Tab.  Seq.  Take  a Tube  eight  or  ten 
Foot  long,  as  M N,  as  fmooth  and  even  as  it  can  be  made,  fill  it 
with  Water,  which  you  muff  fuftain  with  your  Finger,  and  then  of 
a fudden  let  it  run  out  upon  the  End  of  the  Rule  QR,  near  the 
Point  R,  which  Rule  ferving  for  a Ballance,  ought  to  be  horizontal, 
and  fupported  at  the  other  End  by  a Prop,  as  O V ; and  the  Point  R 
ought  to  be  only  five  or  fix  Lines  diftance  from  the  Bafe  of  the  Tube 
through  which  the  Water  paffes,  that  is  to  fay,  a Line  more  than 
the  Thicknefs  ol  the  Finger  that  fuftains  the  Water;  then  if  at  the 
other  End  Q_,  you  fix  a Weight  Q_^r  or  7 lefs  than  the  whole  Weight 
of  the  Water  in  the  Cylinder,  this  Weight  will  not  rife  at  the  Be- 
ginning of  the  Water’s  Fall,  though  the  whole  Body  of  Water  feems 
to  weigh  upon  R,  but  only  when  the  Tube  is  almoft  empty;  which 
fhews,  that  only  the  firft  Parts  of  the  Water  make  an  Impreffion,  and 
that  when  they  go  out  very  flowly,  as  they  do  at  the  Beginning  of 
their  Fall,  they  can  only  raife  a Weight  much  lefs  than  the  Weight 
of  the  whole  Cylinder  ; but  when  they  have  acquired  a great  Velo- 
city in  falling  from  the  Height  M,  the  remaining  Parts,  by  their 
great  Impulfe,  raife  what  the  firft  could  not  raife  by  their  weak  Jm- 
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pulfes  at  the  Beginning  of  a Fall ; juft  as  the  Wheel  of  any  Machine, 
which  by  the  Impulle  of  the  firft  Water  that  falls  upon  it  feetns  to 
move  a little,  yet  is  not  fet  into  its  uniform  and  regular  Motion 
without  the  Acceffion  and  Impulfe  of  the  other  Water  that  is  to 
drive  it. 

To  go  on  i If  you  raife  the  fame  Tube  two  or  three  Feet  above 
R,  and  leave  only  one  Inch  of  Water  at  the  Bottom  of  it,  (if  the 
Tube  be  feven  or  eight  Lines  Diameter)  it  will  have  lefs  Force  in 
falling  upon  R to  raife  a Weight  at  Q,  than  a little  Ball  of  Wax  or 
Wood  lighter  by  half  than  the  Water  falling  from  the  fame  Height ; 
which  fhews  that  the  Ball  makes  its  Impreffion  by  all  its  Parts,  and 
the  Inch  of  Water  only  by  thofe  that  are  neareft  to  the  firft  Surface 
that  impels  the  Ballance,  and  which  are  help’d  a little  by  the  more 
diftant  Parts  that  fall  on  each  Side. 

For  though  Water  does  not  impel  by  all  its  Parts,  and  it  be  diffi- 
cult to  determine  the  precife  Height  of  the  Water  from  which  the 
Part  impelling  ought  to  be  eftimated;  yet  ’tis  probable  that  the 
Parts  that  fall  firft  aft  the  raoft,  and  that  thofe  that  are  a little  high- 
er, as  two  or  three  Lines,  aft  a little  lefs  ; and  that  fome  fmall  Im- 
pulfe may  reach  even  five  or  fix  Lines  ; as  it  would  happen  if  five  or 
fix  Grains  of  Sand  were  contiguous  to  one  another.  Vid.  Fig.  •2,.  Tab. 
feq.  As  A E F D B falling  upon  the  Rule  G H,  from  a determinate 
Height,  not  being  all  in  the  fame  perpendicular  Line,  the  two 
Grains  D and  B would  ftill  a little  contribute  to  the  Impulfe  of  the 
firft,  though  they  would  not  aft  with  their  whole  Weight,  and  all 
their  Velocity  not  being  in  the  fame  Line  of  Direftion  ; the  hffihelt 
Grains  A E F contribute  likewife  a little,  and  caufe  the  Rule  to  be 
impell’d  more  ftrongly  than  if  only  the  Grains  B and  D were  there. 

Now  Water  being  compos’d  of  an  infinite  Number  of  Corpufcula 
or  little  Bodies,  contiguous  to  one  another,  much  lefs  than  the  final- 
left  Grains  of  Sand,  that  eafily  roll  and  Hide  a gain  ft:  one  another  a 
little  Cylinder  of  Water,  as  G H,  will  have  an  Impulfe  fomethino- 
ftronger  than  a leller  one,  as  L FI ; becaufe  there  are  more  of  thefe 
Corpufcules  in  a direft  Station  one  upon  another  in  the  Height  of 
G H,  than  in  the  leffer  L H. 

To  proceed  ; the  Air’s  Impulfe  may  be  known  by  an  Experiment 
made  by  a Machine,  (Fig.  8.  Tab.  feq .)  A B C D is  a cylinderical 
VefTel  of  Tin  well  iolder’d,  open  at  C D,  and  turn’d  Bottom  up- 
wards into  another  Cylinder  E F G H,  in  the  Bale  of  which  is  firft 
a little  Tube  well  folder’d,  as  L I,  that  goes  into  the  inverted  Cy- 
linder, pa  fling  a little  above  the  Water  N K,  that  is,  in  the  Cylin- 
der E H,  the  upper  Bafe  is  prefs’d  by  feverai  Weights  fucceffively 
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to  make  the  Cylinder  defcend,  and  at  the  fame  time  to  drive  out  the 
Air  with  Violence  through  the  Tube  I L;  to  the  Bottom  of  which  a 
Ballance  is  apply’d  like  that  defcribM  Fig.  4.  and  upon  one  of  the 
Ends  of  it  different  Weights  are  laid,  to  try  the  Force  of  the  Air’s 

Impulfe. 

Hence  it  follows,  that  if  two  Cylinders  full  of  Air,  of  the  fame 
Height,  having  unequal  Bafes,  are  prefs’d  by  equal  Weights  difpers’d 
as  the  Cylinder  A BCD;  and  having  equal  Holes  or  Apertures 
through  which  the  Air  is  to  pafs,  the  Weights  which  the  Air  ruffl- 
ing out  will  raife,  will  be  to  each  other  in  a reciprocal  Proportion  of 
their  Bafes ; for  let  either  of  the  two  Cylinders  A B C D,  a b c d, 
be  put  into  another  Cylinder  full  of  Water,  as  was  explain’d  in  the 
foregoing  Figure,  and  let  the  two  Weights  M and  m be  placed  upon 
thefe  unequal  Cylinders,  and  be  equal,  and  the  Weights  rais’d  be  P 
and/,  namely,  P by  M,  and / by  m\  forafmuch  as  the  Bafe  G H is 
to  the  Aperture  L,  as  the  Weight  M to  the  Weight  P,  rais’d  by  the 
Air  going  out  of  L,  and  as  the  Aperture  E equal  to  L is  to  the  Bafe 
h g ■ as  the  Weight /,  rais’d  by  the  Air  going  out  at  C,  to  the  Weight 
M or  m\  the  Proportion  being  found  to  be  equal,  the  BafeG  Hwill 
be  to  the  Bafe  h g , as  the  Weight  / to  the  Weight  P.  But  if  the 
Weights  preifing  upon  the  Cylinders  be  proportionable  to  their  Ba- 
fes, they  will  raife  equal  Weights  by  the  Impulfe  of  the  Air,  which 
they  will  force  out  at  equal  Apertures;  as  if  the  Bafe  G H be  24, 
and  the  Bafe  g h 12,  and  the  Weight  M be  12  Pounds,  and  the 
Weight  m 6 ; the  Aperture  L being  4,  and  l the  fame,  the  Weight 
P and  / will  be  each  2 Pounds,  which  may  be  very  eaiily  pro- 

Uq'H£RE  are  three  Propofitions  or  Rules  more  that  might  be  taken 
from  Marriotte,  to  demonftrate  the  Equilibrium  and  Impulfe  of  Wa- 
ter in  three  feveral  Cates,  as  by  him  fet  down,  Difcourle  ill.  Rule  3. 
p.  125.  of  the  Tranflation.  The  firft  is,  that  Jet  d’  EaiCs  of  equal 
Breadth  iffuing  out  at  little  apertures,  made  at  the  Bottom  of  fede- 
ral Tubes  full  of  Water;  of  different  Heights „ make  an  Eqiiilibrium 
with  Weights  that  are  to  each  other  in  the  Proportion  of  the  Heights 


of  thofe  Tubss.  , _ . , , 

A second  is,  that  Jet  d'  Eau’s  of  equal  Breadth  and  unequal 
Velocities , fuflaiu  by  their  Impulfe  Weights  that  are  to  each  other 
in  a duplicate  ‘Proportion  of  thofe  Velocities. 

A third,  which  is  indeed  Marriotte* s fecond,  is,  that  Water 
which  fpouts  out  at  a round  Hole  from  the  Bottom  of  the  Refer va. 
tory,  makes  an  Equilibrium  by  its  Impulfe  with  a Weight  equal  to 
the  ^Weight  of  a Cylinder  of  Water  whofe  Bafe  is  that  Hole , and 
‘ whofe 
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whofe  Height  is  from  the  Center  of  the  Hole  to  the  upper  Center  of 
the  IVatcr. 

But  as  this  will  lengthen  this  Chapter  beyond  its  due,  and  as 
they  will  in  a great  Meafure  be  demonftrated  by  the  Propofitions  that 
go  before,  as  well  as  this  that  follows,  referring  my  Reader,  for  his 
farther  Information  of  them,  to  the  Book  it  fell  ; proceed  we  there- 
fore to 


PROPOSITION  V. 

Jets  or  Streams  of  the  fame  Velocity and  different  Apertures , 
fujlain  by  their  Impulfe  Weights  that  are  to  each  other  in  a duplicate 
Ratio  of  the  TDiameters  of  thofe  Apertures.. 

Let  two  Surfaces  A B and  C D have  two  Apertures  at  E and  F, 
{Fig.  9.)  and  let  the  two  Spouts  or  Streams  E N F M,  pafs  through 
thefe  Holes.,  it  is  evident  that  the  Surface  of  the  Hole  E is  to  the 
Surface  of  the  Hole  F,  in  a duplicate  Proportion  of  the  Diameter  G H 
to  the  Diameter  KL;  and  the  Velocities  being  fuppofed  equal,  if  the 
Diameter  G H be  twice  as  great  as  the  Diameter  K,  there  will  be  four 
times  as  many  fmall  Particles  of  Water  to  impel  in  the  Bafe  G H,  as 
in  the  Bafe  K L ; they  will  then  produce  a quadruple  £ffe£t,  and  if 
the  Surfaces  of  the  Spouts  or  Streams  are  reciprocal  to  the  Heights 
ot  the  Refervoir  or  Stream  from  which  they  proceed. 

From  which  it  appears,  that  the  Equilibrium,  and  confequently 
the  Impulfe  of  Air,  Water,  or  any  other  Fluid,  is  in  Proportion  to 
its  Height,  and  the  Largenefs  of  the  Apertures,  Streams  or  Spouts, 
through  which,  or  from  whence  it  proceeds,  and  that  the  Space's 
which  Bodies  go  through  from  their  Fall  are  in  a duplicate  Ratio  or 
as  the  Squares  of  the  Times  or  Moments.  Which  muff  ferve  as  a 
Foundation  to  what  we  have  to  fay  on  the  Bulinefs  of  Hydraulicks 
or  Water-Engines. 

To  reduce  what  has  been  faid  in  this  Chapter  to  Practice,  omit- 
ting the  Ufes  that  might  be  drawn  from  the  foregoing  Propofitions 
in  jets  or  Waters  that  fpout  upwards,  I fhall  apply  it  chiefly  to 
Mill-works,  or  the  Effect  it  has  on  the  Motion  of  Wheels  in'Hy- 
draulicks  or  other  Machines. 

And  fince it  is  evident,  from  the  foregoing  Propofitions  and  Ex- 
periments in  general,  that  Water  that  iflues  from  any  Refervatory. 
Mill-Pond,  &c.  receives  an  additional  Impulfe  and  Velocity,  and 
alts  in  a duplicate  Ratio,  or  as  the  Squares  or  Times  of  the  Spaces 
through  which  they  fall,  or  in  other  Words,  according  to  the  differ- 
ent Heights  from  whence  it  begins  fuch  Fall,  it  is  or  ought  to  be  a 
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certain  Direction  to  all  Millwrights  to  raife  the  Head  of  Surfaces  of 
the  Water  in  Mill-Ponds,  as  high  as  poffibly  they  can,  even  for  an 
underfhot  Mill,  no  lefs  than  four  or  five  Feet. 

And  fince  it  will  appear  alfo,  from  the  following  Chapter,  that  the 
Motion  of  Water  is  irregular,  and  that  the  middle  Part  of  a Stream 
or  River  moves  with  more  Celerity  than  the  Bottom,  becaufe  that 
is  often  obftru&ed  by  Weeds,  Stones,  and  other  Obftacles,  I fay, 
this  fhould  alfo  inftruft  the  induftrious  Millwright  to  fix  the  Trough 
through  which  the  Water  is  to  fpout  and  lodge,  on  the  Wheel  at-f, 
or  rather  of  the  Depth  of  the  faid  Mill-Pond,  laying  it  Hoping 
in  fuch  a Manner  that  it  may  lodge  the  Water  with  greateft  Advan- 
tage on  the  Pallats,  (or  which  is  more  advifable)  rite  Boxes  of  the 
Wheels  on  which  you  are  to  throw  it. 

And  fince  it  is  evident  alfo,  that  Jets  or  Spouts  of  Water  do  not 
(on  account  of  the  great  Number  of  Corpufcules  of  which  it  is  com- 
pos’d) impel  with  the  united  Force  of  all  its  parts  as  other  Bodies  do 
this  ought  to  inftru£t  him  to  confine  the  Water  in  a ftrong  fquare 
Trough  of  near  the  Width  of  the  Box  or  Pallats,  cover’d  over 
ftrongly  at  top  with  a Board  of  equal  T.  hicknefs  with  the  Trough,^ 
that  fo  the  Water  may  be  reduc’d  as  near  as  poffible  to  the  Nature  of 
a folid  Body : For  on  the  contrary,  as  may  be  faid  from  daily  Expe- 
rience, the  great  Refinance  of  Air  that  is  in'  the  open  Trough 
where  the  Wheel  makes  its  Rotation,  the  Room  there  is  on  the  Sides 
of  the  Pallats  for  the  Water  to  run  to  walk,  and  to  have  no  Effect : 
And  the  Diftance  there  is  between  the  Bottom  of  the  Mill-Pond  and 
the  Pallats  of  the  Wheel,  is  fuch,  that  the  united  Force  of  the  Wa- 
ter is  broken  - its  Strength  in  a great  Meafure  loft,  and  as  much 
Water  again  wafted  as  if  it  were  confin’d,  which  can’t  be  of  little 
Estimation  in  Mill-Ponds  and  Streams  where  Water  is  fcarce,  efpe- 
ciaUv  in  Summer  Seafons : But  of  this,  more  in  the  next  Chapter. 


CHAP. 
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CHAP.  XIV. 

Of  the  different  Jmpulfe  or  Fluctuation  of  Water  in  a 
Mill-Fond  or  River  (for  the  driving  of  Mill-Wheels ) 
varied , according  to  the  different  Cir  cum  fiances  which 
attend  the  Fall  of  it. 

H E Irregularities  in  the  Motion  of  a River  may  be 
infinitely  varied,  and  Rules  can’t  be  exactly  given 
to  fettle  them  ; therefore  fetting  afide  all  Irregulari- 
ties, we  mult  examine  the  Courfe  of  Rivers,  for  un- 
lefs  the  Laws  of  Motion  be  known  in  that  Cafe,  we 
have  no  certain  Foundation  for  determining  any, 
(notwithftanding  it  is  fo  effeftually  done  in  Waters  that  fall  from  a 
precipitate  determinate  Heighth).  To  compare  this  Velocity  of 
Water,  then,  in  open  Rivers  by  Experiments,  and  to  determinate 
them  as  near  as  poffible,  fo  as  to  know  the  Spaces  which  it  pafles 
thro’  in  a certain  Time,  and  confequently  the  Expence  of  Water, 
and  Strength  with  which  they  ftrike  on  the  Pallats  of  a Wheel : 
Let  Fig.  \o.Tab.Rq.  be  a Quadrant  divided  into  Degrees,  with 
a Thread  in  the  Center,  that  has  at  the  other  End  a Ball  P hanging, 
which  is  heavier  than  Water  : Let  the  Ball  hang  within  the  running 
Water,  whilft  you  hold  the  Side  C A of  the  Quadrant,  in  a verti- 
cal Pofition ; the  Ball,  by  the  Motion  of  the  Water,  will  be  fo  far 
fuftain’d,  that  the  Thread  P C will  make  the  Angle  P C A,  with 
the  Side  C A,  which  will  ferve  to  determine  the  Celerity  of  the 
Water  running  againft  the  Ball. 

The  Ball  being  at  Reft  in  the  Water,  is  drawn  by  three  Powers; 
by  its  Gravity  it  endeavours  to  defeend  vertically,  by  the  AfUon  of 
the  Liquid  it  is  carried  in  the  Dire&ion  of  the  Motion  of  the  Wa- 
ter ; and,  Lafttyj  it  is  drawn  by  the  Thread  along  P C.  Draw  the 
Triangle  E F G,  in  which  E F reprefents  the  vertical  Line : Let 
F G make  with  that  Line  the  Angle  E F G,  equal  to  the  Angle, 

which 
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which  the  Dire&ion  of  the  Motion  of  the  River  makes  with  the 
vertical  Line.  Laftly Let  the  Angle  G E F be  equal  to  the  Angle 
P C A,  the  Sides  of  the  Triangle  E F G are  parallel  to  the  Directi- 
ons of  the  three  Powers  above-mention’d  ; therefore  the  Powers  are 
to  one  another,  as  thofe  Sides. 

I f therefore  E F exprefs  the  refpeftive  Gravity  of  the  Ball,  F G 
will  exprefs  the  A&ion  of  the  Water  on  the  Ball;  and  if  you  make 
feveral  Experiments  in  different  Places  with  the  fame  Ball,  you 
muff  draw  fuch  Triangles,  the  Side  F remaining  (which  denotes 
the  refpe&ive  Gravity  of  the  Ball,  that  never  changes)  the  Sides 
that  are  as  F G will  have  the  fame  Proportions  as  the  Attions  of 
the  Water  on  the  Ball.  But  thofe  are  as  the  Squares  of  the  Velo- 
cities of  the  Waters  in  the  Places,  in  which  the  Experiments  are 
made,  for  there  is  no  Difference  in  Refpeft  of  the  A&ion  of  the 
Water  on  the  Ball,  whether  the  Ball  be  mov’d,  and  the  Water  at 
Reft,  or  on  the  contrary  the  Water  be  mov’d,  and  the  Ball  at 
Jleft. 

The  A Orion  of  the  Water  againft  the  Ball  may  be  compared 
with  the  Weight  it  has  to  the  refpeOive  Gravity  of  the  Ball,  as  F G 
to  EF. 

But  this  Aftion  is  equal  to  the  Refiftance  which  a Body  fuffers, 
when  it  is  mov’d  through  quiefcent  Water,  with  the  fame  Celerity 
with  which  the  flowing  Water  does  now  ftrike  againft  the  Body, 
which  is  at  Reft.  By  knowing  the  Weight,  which  is  equal  to  the 
Refiftance,  we  know  what  Space  could  be  run  through  in  a given 
Time,  with  the  Celerity  with  which  the  Body  moves ; therefore 
we  fhall  alfo  here  know  what  Space  the  Water  can  go  through  in 
a known  Time,  and  fo  like  wife  what  Quantity  of  Water  flows  in 
a given  Time,  through  a Place  given  in  the  SeOion  of  any  River 
or  Mill-Stream. 

And  here  it  is  to  be  obferv’d,  that  the  Determination  of  the 
Velocity  of  the  Water,  will  not  be  exaOly  fettled,  if  the  Experi- 
ment be  made  towards  the  Surface  of  the  Water ; becaufe  there  the 
Action  of  the  Water  upon  the  Globe  is  irregular. 

This  Celerity  may  be  determin’d,  by  immerging  in  Water  a 
Body  which  is  but  a little  lighter  than  Water,  and  which  fwimming 
at  the  Surface,  does  not  float  fo  high  above  it,  as  to  be  affeded  by 
the  Motion  of  the  Wind  ; for  as  the  fpecifick  Gravities  of  the  Water, 
and  the  Body  fcarce  differ  at  all,  and  that  this  Body  may  be  look’d 
upon  as  wholly  immers’d  ; it  will  move  with  the  fame  Celerity  as  the 
Water,  and  you  may,  by  Help  of  a Pendulum,  meafure  the  Time 
in  which  a Body  runs  through  a certain  Space  that  was  meafur’d 

2 before : 
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before : When  the  Surface  of  the  Water  is  agitated  by  the  Wind, 
the  Experiment  will  not  fucceed  well,  becaufe  of  the  Motion  of 
the  Waves,  which  caufe  an  Irregularity  in  the  Motion  of  the  Body. 

I t mull  be  confidered  alfo,  (according  to  Marriotte)  that  the 
Water  of  a River  does  not  go  equally  fail  at  its  Surface,  and  its 
other  Parts  ; for  the  Water  near  the  Bottom  is  very  much  retarded, 
by  meeting  with  Stones,  Weeds,  and  other  Inequalities. 

To  calculate  this  Difference  in  the  Motion  of  Water  in  a River, 
our  ingenious  Author,  as  we  have  it,  Difcotirfe  III.  Bage  1 36.  put 
two  Balls  of  Wax  faftned  to  a Thread  of  a Foot  long,  into  a little 
River,  whofe  Motion  was  uniform  ; the  one  was  loaded  with  little 
Stones  within,  to  make  its  fpecifick  Gravity  a little  heavier  than 
that  of  Water;  fo  that  when  the  two  Balls  were  in  the  Water,  the 
heavieft  ft  retch’d  the  Thread,  and  made  the  lighted:  fink  lower 
than  it  would  have  done,  had  it  been  alone;  and  by  this  Means 
its  upper  Fart  was  almoft  upon  a Level  with  the  Surface  of  the 
Water;  fo  that  the  Wind  could  have  no  Power  over  it. 

I t was  always  obfervable,  that  when  the  lowed:  Ball  flay’d  be- 
hind, elpecially  in  the  Places  where  there  were  lome  Weeds  at  the 
Bottom  of  the  Water,  near  which  the  lower  Ball  pafs’d,  for  this 
River  was  but  about  three  Foot  deep  ; but  when  thefe  fame  Balls 
were  put  in  a Place,  where  the  Water  meeting  with  lome  Obftacle 
rofe  a little,  and  afterwards  took  a more  rapid  Courfe,  as  is  ob- 
fervable under  Bridges,  the  lower  Ball  outwent  the  upper,  which 
fhews,  that  the  Water  in  the  Middle  goes  fader  than  that  of  the 
Surface  ; which  proceeds  from  this  Caule,  that  the  Water  rifing  a 
little  higher,  by  Reafon  of  the  Obftacle  it  met  with,  acquires  a 
greater  Velocity,  by  running  down  a fteeper  Declivity ; and  this 
Violence  caufes  it  to  plunge,  and  go  below  that  of  the  Surface,  as  if 
ABCD  be  the  Courfe  of  the  upper  Water,  and  by  an  Obftacle  to- 
wards B,  {Fig.  10.  Tab.Jeq. ) it  rifes  to  the  prick’d  Line  E F,  it  will 
run  fafter  along  the  fteep  Declivity  E F C ; and  by  the  Velocity 
which  it  will  have  acquired  at  C,  it  will  continue  itsDiredion  below 
C D as  to  G H,  and  confequently  it  will  go  fwifter  at  G and  H, 
than  at  I and  D : And  thence  it  happens,  that  in  moderate  Rivers 
there  are  always  great  Cavities  below  Bridges,  caufed  by  building 
of  Peers  of  Stone,  or  Piles  of  Wood  to  fuftain  the  fame  : Proofs 
ot  this  are  to  be  feen  almoft  at  all  Places,  but  at  none  more  than 
that  of  London  Bridge at  the  Flux  and  Redux  of  the  Tide,  which 
being  fo  well  known,  I need  not  enlarge  upon  it. 

To  explain  this  the  better,  let  A B {Fig.  n.Tab.feq.)  be  an  hori- 
zontal Line,  and  C D the  Declivity  of  the  Bottom  of  the  Paver  D E, 

the 
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the  Water  half  a Foot  Diftance  from  the  upper  Part  F G,  both  paral- 
lel to  C B.  Now,  becaufe  Water  is  fuppos’d  by  fome  to  be  of  a 
vifcous  Nature,  and  its  Parts  a little  join’d  together,  the  Water 
D E will  carry  along  with  it  that  which  is  immediately  above, 
with  almoft  the  fame  Velocity  which  it  has  it  feif,  and  afterwards 
that  which  is  at  F G,  which  moving  likewife  of  it  felf,  by  Reafon 
of  its  Inclination,  goes  a little  falter  than  the  Water  D E ; which 
may  be  comprehended  the  better,  if  you  fuppofe  FL  to  be  a 
Board  fwimming  upon  the  Water,  whofe  upper  Part  is  in  an  Incli- 
nation parallel  to  C B,  having  a very  round  Ball  upon  it,  for  this 
Board  being  carried  along  by  the  Water,  would  carry  the  Ball 
along  with  it,  which  would  of  it  felf  alfo  roll  the  Length  of  the 
Board  to  G,  and  confequently  its  Velocity  would  be  greater  than 
that  of  the  Board. 

It  has  been  further  obferv’d,  from  Weeds  carried  along  by  the 
Water,  that  thofe  within  the  Water,  and  neareft  the  Bottom,  be- 
ing advanc’d  farther  than  thofe  of  the  Surface,  were  foon  overta- 
ken, and  left  behind  by  the  upper  ones ; and  if  upon  the  fame 
Stream  a Handful  of  great  Sawings,  or  heavy  Wood  was  caft, 
that  went  fome  fooner  to  the  Bottom  than  others  ; it  was  al- 
ways found,  that  thofe  that  fwam  nearer  to  the  Top,  went  before 
the  others  in  a proportional  Order,  as  they  were  more  or  lefs 
diftant  from  the  Bottom  ; from  which  Experiments  it  appears,  that 
Rivers  or  Streams  that  run  free  by  the  upper  Part  of  the  Water, 
go  fafter  than  that  in  the  Middle,  and  the  Middle  fafter  than 
that  at  the  Bottom  ; but  in  thofe  that  are  conftrain’d  to  pafs  in  a 
narrow  Channel  (being  kept  in  on  both  Sides)  the  Middle  goes 
fwifter  than  the  Surface,  if  there  be  but  two  or  three  Foot  deeper 
Water.  Thus  far  Marriotte.  But  the  learned  Gravefande , (upon 
the  Foot  of  Sir  Ifaac  Newton\  Principles,  and  from  his  firft  Law 
of  Nature,  which  relates  to  Motion  (wherein  he  fays,  that  all  Bo- 
dies continue  in  their  State  of  Reft  or  Motion  uniformly  in  a 
right  Line,  except  fo  much  as  they  are  forced  to  change  by 
Forces  imprefs’d)  alftgns  other  Methods  of  Motion  to  Water  run- 
ning in  Streams  and  Rivers,  fuppofing  Water  to  run  in  a regular 
Channel,  without  any  fenfible  Frnftion,  and  that  the  Channel  is  ter- 
minated with  plain  Sides,  that  are  parallel  to  one  another,  and 
vertical ; and  all'o,  that  the  Bottom  is  a Plane,  and  inclin’d  to  the 
Horizon. 

Let  AE  be  the  Channel,  into  which  the  Water  runs,  frorna 
greater  Receptacle  or  Head;  and  let  the  Water  always  remain  in 
die  fame  Heighth  at  the  Head,  fo  that  the  River  may  be  in  a per- 
manent 
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manent  State,  the  Water  defcends  along  an  inclined  Plain,  is  of 
the  fame  Nature,  and  is  accelerated  for  the  fame  Reafon  as  the 
Motion  of  a Body  freely  falling  in  the  open  Air,  and  of  which 
we  have  treated  in  the  foregoing  Chapter,  becaufe  the  fame  Quan- 
tity of  Water  flows  through  every  Se&ion,  the  Heighth  of  the 
Water,  as  you  recede  from  the  Head,  is  continually  diminifhed, 
and  the  Surface  of  the  Water  will  acquire  the  Figure  i q s. 

To  determine  the  Velocity  of  Water  in  different  Places,  let  us 
fuppofe  the  Hollow  of  the  Channel  A D C B to  be  fhut  up  with 
a Plane ; if  there  be  a Hole  made  in  the  Plane,  the  Water  will 
fpout  the  fafter  through  the  Hole,  as  the  Hole  is  more  diflant  from 
the  Surface  of  the  Water  hi,  and  the  Water  will  have  the  fame 
Celerity  that  a Body  falling  from  the  Surface  of  the  Water  to  the 
Depth  of  the  Hole  below  it  would  acquire,  which  arifes  from  the 
Preffure  of  the  fuperincumbent  Air,  Water,  &c.  as  has  been  faid 
in  the  foregoing  Chapter. 

There  is  in  like  Manner  the  fame  Preffure,  that  is,  the  fame 
moving  Force;  when  the  Obftacle  at  AC  is  taken  away,  then 
every  Particle  of  the  Water  enters  into  the  Channel,  with  the  Ce- 
lerity that  a Body  would  acquire,  in  falling  from  the  Surface  of 
the  Water,  to  the  Depth  of  that  Particle,  and  this  Particle  is  mov’d 
along  the  inclin’d  Plane  in  the  Channel,  with  an  accelerated  Mo- 
tion, and  in  the  fame  Manner,  as  if  vertically  falling  it  had  conti- 
nued its  Motion  to  the  fame  Depth  below  the  Surface  of  the  Wa- 
ter in  the  Head  of  the  River:  So  that  if  you  draw  the  horizontal 
Line  / A,  the  Particle  at  r will  have  the  fame  Celerity  as  a Body 
falling  the  Length  i C,  and  running  down  C r can  acquire,  which 
is  the  Celerity  acquired  by  the  Body  in  falling  down  tr. 

On  which  Account  it  is,  that  the  Celerity  of  a Particle  mav 
be  every  where  meafur’d,  drawing  from  it  a Perpendicular  to  the 
Horizontal  Plane,  which  is  conceived  to  run  along  the  Water  in  the 
Head  of  the  River,  and  the  Velocity  which  a Body  in  the  Fall  from 
that  Perpendicular  will  be,  the  Celerity  of  the  Particle  (which 
by  the  Rules  laid  down  in  the  laft  Chapter)  will  be  the  greater 
the  higher  or  the  longer  the  Perpendicular  is. 

From  any  Point,  as  r draw  rs  perpendicular  to  the  Bottom  of 
the  River,  which  will  meafure  the  Heighth  or  Depth  of  the  River 
ft  nee  rs  is  inclin’d  to  the  Horizon  ; if  from  the  feveral  Points  of 
that  Line  you  draw  perpendicular  to  it  i t,  they  will  be  the  Ihor-. 
ter,  the  more  diflant  they  are  from  r,  and  the  fhorteft  of  them 
all  will  be  fv  : Therefore  the  Celerity  of  the  Particles  in  the  Line 
r s are  fo  much  the  lefs,  the  nearer  they  are  to  the  Surface  of  the 

M m River, 
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River  and  the  lower  Water  is,  in  fuch  a Cafe,  mov'd  fafter  than 
the  tipper  JVater  ; but  yet  the  Celerities  of  thofe  PVaters,  as  the 
River  runs  on,  continually  approach  nearer  and  nearer  to  an  Equa- 
lity for  the  Squares  of  thofe  Celerities  are  as  rt  to  s v,  the  Dif- 
ference of  which  Lines,  as  you  recede  from  the  Head  of  the  River, 
is  continually  leffen’d,  becaufe  of  the  Line  r j,  which  is  continuaUy 
diminifh’d,  as  the  Lines  themfelves  are  lengthned.  Now,  as  this 
obtains  in  the  Squares,  it  will  much  more  obtain  in  the  Celeri- 
ties themfelves,  whofe  Difference  therefore  is  dimimfh  d as  they 

mcreafe 

mClTthe  Inclination  of  the  Bottom  be  chang’d  at  the  Head  of  the 
River,  foas  to  become  yz,  and  a greater  Quantity  of  Water 
%w s in  the  Channel,  it  will  be  higher  every  where  m the  River, 
Imt  the  Celerity  of  the  Water  is  no  where  changed ; for  this  Cele- 
rity does  not  depend  upon  the  Heighth  of  the  Water  in  the  River, 
but  (as  has  been  demonftrated)  from  the  Diftance  of  the  moved 
Particle  from  the  Horizontal  Plane  of  the  Suiface  at  the  Head, 
continued  over  the  faid  Particle,  which  Diftance  is  meafur  d by  the 
Peroendicular  rtiorsv : But  thefe  Lines  are  not  chang  d by  the 
Affluence  of  the  Water,  provided  that  the  Water  remains  at  the 

fame  Heighth  in  the  Bafon  or  Head.  , 

Let  the  upper  Part  of  the  Channel  be  flop  d up  by  any  Ob- 
IHcle  as  X which  defcends  a little  Way  below  the  surface  of 
Water  the  whole  Water  which  comes  cannot  run  through, 
therXre  Luft  dfe  up  ; but  the  Celerity  of  the  Water  below  the 

Ca  a “a  is  not  encreas’d,  and  the  Water  that  comes  on  is  com- 
cataract  _ f ^ jc  muft  rife  fo,  as  to  flow  over  the 

Obftayclceaor  the  Banks  of  the  River:  But  if  the  Banks  be  rais'd, 

and  the  Obftacle  continued,  the  Heighth  of  the  Water  would  rife 
and  tne  oui  before  that  the  Celerity  of  the  Water  can- 

not bVincr^  ; in  which  Cafe  the  Heighth  of  all  the  Water  in  the 
Head  will  be  increas’d  ; for  as  we  fuppofe  the  Rivet  in  a 
nent  State  there  muft  continually  be  as  great  a Supply  of  Water 
i i-tf>ciri  qq  there  runs  from  it  down  the  Channel;  but  if  lefs 
Wat  rans  down,  the  Heighth  muft  neceffarily  be  increafed  in  the 
Head  till  the  Celerity  of  the  Water  flowing  undei  the  Obftacle  be 
fc  much  encreafed,  as  that  the  fame  Quantity  of  Water  fhall  run  un- 
der the  Obftacle,  which  ufed  to  run  in  the  open  Channel  before. 
d All  thefe  Things  (as  has  been  already  M)  ft  vre  abftt»a 
from  the  Irregularities,  are  true,  and  the.  lets  tlie  Irregularities 
are  the  more  will  the  true  Motions  agree  with  what  has  been  laid, 
concerning  which,  before  any  Judgment  can  be  made,  the  Veto- 
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cities  of  Water  by  other  Experiments  muft  be  compar’d,  that  thefe 
Velocities  themfelves  may  be  fo  determin’d,  as  to  know  the  Spaces 
gone  through  in  a certain  Time,  which  is  what  has  already  been 
attempted,  and  will  be  more  demonftrable  by  what  follows  in 
this  Chapter. 

(With  Marriotte  then,  Difcourfe  III.  Rule  5.  Page  135.  of  his 
Hydroflaticks  ) to  eftimate  the  Force  and  Current  of  Water,  againft 
the  Paddles,  Pallats  or  Floats  of  a Mill,  or  any  other  Machine,  you 
muft  know  its  Celerity  or  Velocity,  and  compare  it  with  that  of 
Water  fpouting  from  the  Bottom  of  a Refervatory.  It  is  like- 
wife  neceffary  to  know  the  fpecifick  Gravity  of  Water,  with  Refpecfc 
to  other  Bodies,  concerning  which  the  following  Oblervations  have 
been  made  by  that  induftrious  Author. 

A cubick  VelTel  was  prepared,  made  of  Copper,  one  of  whofe 
Sides  was  fix  Inches,  and  confequently  its  Content  the  eighth  Part 
of  a cubick  Foot,  which  put  into  one  of  the  Scales  of  a Balance, 
and  a Weight  equal  to  it  in  the  other  ; afterwards  it  was  fill’d 
very  carefully  with  Water,  through  a little  Hole,  made  towards 
an  Angle  in  the  upper  Plate  : And  it  was  found,  by  feveral  Trials, 
that  this  Water  weighed  8 /.  i.  and  confequently  that  a cubick 
Foot  of  Water  ought  to  weigh  70  Pounds,  the  Tarts  Muid  or 
Barrel  contains  8 cubick  Feet,  and  every  cubick  Foot  36  Pints 
French about  fo  many  Quarts  EngliJhJ  when  the  Meafure  is  fo  exaft, 
as  that  the  Water  does  not  rife  above  the  Brims ; but  when  it  rifes 
as  much  above  the  Brims  as  it  may,  without  running  over;  it  con- 
tains only  35  Pints  French > 35  Quarts  Engliflo ; and  every  one  of 
thefe  laft  Pints  weighs  2 Pounds,  and  the  other  2 Pounds  wan- 
ting 7 Drams:  The  Tarts  Muid  or  Barrel  contains  288  of  thefe 
latter  Pints,  and  280  of  the  other:  From  thence  it  is  known,  that 
a Cylinder  of  Water  a Foot  in  Height,  and  whofe  Bafe  is  a 
Foot  in  Diameter,  weighs  55  l.  (or  with  Ozanan,  Cap.  II.  Book  III. 
of  his  Mechanicks  54)  Pounds,  becaufe  the  Proportion  of  a Circle 
to  the  Square  that  circumfcribes  it,  is  as  11  to  14  : Now,  as  14  is 
to  11,  fo  are  70  Pounds  to  55  ; whence  you  know,  that  a Cylin- 
der a Foot  high,  and  an  Inch  in  Bafe,  weighs  6 Ounces  and  a 
Dram  very  near  (and  according  to  Ozanan  before  mention’d,  a 
cubick  Inch  weighs  3 Drams  3 Grains  ) for  the  144  Part  of 
55  Pounds  is  6 Ounces  1 \ : Whereupon  the  following  Experiments 
were  made. 

Having  faftned  a little  Boat,  to  another  very  great  one,  that 
was  immovable  in  the  Midft  of  the  Stream  of  a River,  where  it 
was  very  rapid,  a Diftance  of  1 5 Foot  was  meafur’d  lengthwife 
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on  the  little  Boat;  afterwards  a little  Piece  of  Wood  was  thrown 
out  or  a Blade  of  Grafs  2 or  3 Foot  from  this  little  Boat, 
over-againft  the  Place  where  the  firft  Mark  of  the  15  Foot  was ; 
and  by  the  Vibrations  of  a half  fecond  Pendulum,  was  counted  how 
many  half  Seconds  it  was  in  paffing  from  one  Mark  to  the  other  ; 
if  it  pafs’d  in  10  half  Seconds,  it  was  concluded,  that  in  that  1 lace 
the  River  went  with  a Velocity  of  3 Foot  in  the  Second. 

After  that  there  was  Ufe  made  of  an  Axis,  with  two  Ruleis 
a-crofs  them,  in  fuch  a Manner,  that  the  Planes,  in  which  they 
were,  cut  each  other,  at  right  Angles  : At  the  End  of  thefe  Rulers 
was  fix’d  a little  thin  Iquare  Board,  6 Inches  broad,  that  dipp  d 
perpendicularly  into  the  Stream,  till  the  Water  rofe  2 01-  3 Inches 
above  it ; and  at  the  fame  Time,  at  the  End  of  the  other  Rule, 
that  was  in  a Horizontal  Pofition,  a Weight  was  put,  at  the  fame 
Diftance  from  the  Axis  as  the  Middle  of  the  Board,  and  increas  d 
or  dim  in  ifli’d  it,  till  it  made  an  Equilibrium  with  the  Impulle  of 
the  Water  againft  the  Pallet  or  little  Board.  , , , 

Several  of  thefe  Experiments  were  made  in  that  Part  ot  tlie 
River,  where  the  Stream  was  moll  rapid,  and  in  other  Places, 
where  the  Water  did  not  go  fo  faft  ; and  there  was  always  found 
pretty  near  the  fame  Proportions,  correfpondent  to  the  Force  ot 
Water  ilfuing  to  the  Bottom  of  a Tube  1 2 Foot  high  ; to  make 
the  Calculation  of  which,  this  is  the  Method. 

I t having  been  found,  as  before,  that  the  mo  ft  rapid  Water 
went  3 Foot  ^ in  a Second,  and  that  there  it  fuftain  d by  its  m- 
pulfe  againft  the  Pallet,  3 Pounds  *,  it  was  concluded  that  the  Jet, 
from  the  Bottom  of  a Refervatory,  12  boot  in  Heighth,  goes  out 
with  a Velocity  of  24  Foot  in  a Second,  according  to  the  DoTrine 
of  Galiileo , before  explain’d.  This  Velocity  then  is  about  7 
Times  j greater  than  that  of  the  River,  the  Square  7 2 1S  J6  4 i 
and  confidently  if  this  Jet  be  of  the  fame  Breadth  as  the  Pallet, 
it  ought  to  fuftain  a Weight  about  56  Times  greater.  Now,  1* 
Cubick  Feet  of  Water  weighs  840  Pounds,  the  Quarter  of  which 
is  210  Pounds,  which  we  take,  becaufe  the  Pallet  which  is  but  half  a 
Foot  iquare,  and  12  Foot  high,  weighseio  ; and  if  you  divide  210 
by  56,  the  Quotient  will  be  3 Bounds  *,  the  Weight  found  by  the 

Experiment.  r -TT.  , • n 

Now,  the  Calculation  of  the  Impulfe  or  Force  of  Wind  againft 
the  Sails  of  a Windmill,  may  be  made  after  the  following  Man- 
ner: It  being  premis’d  before,  that  though  Water  be  of  a much 
deafer  heavier  Nature  than  Air,  even  as  24  to  1,  yet  to  make 
Amends,  its  Velocity  is  alfo  fo  much  greater  than  Water,  fo  that 
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what  it  wants  of  Weight  it  has  in  Celerity  or  Impulfe,^  and  that 
ejeCted  Air,  producing  the  fame  Efife&by  its  Impulfe,  as  a Jet  d’Eau 
of  equal  Breadth,  mull:  have  a Velocity  about  24  Times  greater 
than  that  of  Water  : Let  the  following  be  the  Experiment. 

Take  a Cylinderick  Machine,  with  Rulers  like  that  before  defcri- 
bed,  {Fig.  5.  Tab.  fey.}  Let  A B reprefent  its  Axis,  G H,  is  an 
Horizontal  Ruler,  that  goes  through  the  Axis  of  the  Cylinder  at 
right  Angles : I L is  another  Ruler  plac’d  perpendicularly  upon 
G H ; again  M N O P is  a perpendicular  Ruler,  plac’d  obliquely  in 
an  Angle  of  45  Degrees,  in  RefpeCt  of  the  Ruler  G R.  Now,  if 
you  fuppofe  a Jet  of  Water  to  ftrike  direCtly  upon  the  Ruler  1 1,,  at 
the  Point  Qj  fo  as  to  turn  the  Cylinder,  according  to  the  Order  of 
the  Letters  abed , it  will  a£t  with  all  its  Force  to  fuftain  the 
Weight  R;  but  if  another  Jet  equal  to  it  ftrike  the  Ruler  m 0 di- 
rectly at  the  Point  S,  which  you  fuppofe  as  far  diftant  from 
the  Axis  as  the  Point  Q,  it  cannot  fuftain  the  Weight  R,  becaufe 
its  Direction  will  not  be  parallel  to  the  Direction  of  the  Extremity 
of  the  Ruler  I L ; and  it  can  only  fuftain  a Weight,  that  will  be  to 
the  Weight  R,  as  the  Side  of  a Square  to  its  Diagonal;  and  if  the 
fame  Jet  be  parallel  to  the  Axis  A B,  and  ftrikes  at  the  fame  Point 
S,  you  mult  {till  diminifh  the  Weight  R in  the  fame  Proportion,  to 
make  the  Equilibrium becaufe  this  Jet  will  ftrike  this  Ruler 
obliquely  in  an  Angle  of  45  Degrees,  and  then  R will  have  but 
half  its  Weight;  for  if  A BC  D,  Fig.  6.  Tab.  Jeq.  be  a Square, 
the  Ratio  will  be  as  that  of  A C to  A B,  and  the  fecond  as  that  of 
A B to  A E,  the  Half  of  A C. 

Now,  the  Wind  that  drives  the  Sails  of  a Wind-mill,  ftrikes 
againft  them  obliquely  ; and  if  it  meet  every  Sail  in  an  Angle  of 
45  Degrees,  no  more  of  its  Force  would  remain  than  in  the  Pro- 
portion of  a Diagonal  of  a Square  to  its  Side,  for  thdt  Reafon 
only;  but  if  that  Sail,  which  is  oblique  to  the  Axis,  were  fo  in  the 
fame  Angle,  this  fecond  Caufe  would  ftill  diminifh  the  Force  of  the 
Wind  in  the  fame  Proportion,  as  was  faid  before  of  the  Jet  d?  Eau\ 
and  the  total  Diminution  from  thefe  two  Caufes  would  be  of  half 
the  Force  of  this  Wind,  when  it  ftrikes  againft  this  Ruler,  as  I L, 
difpos’d  more  at  the  Beginning,  according  to  its  Direction  : So 
that,  if  its  Total  Force  was  fo,  it  would  be  reduced  to  forty  by 
thefe  two  Caufes. 

But  Becaufe  the  Sail,  whofe  Obliquity  is  45  Dgrees,  receives  a 
lefs  Breadth  of  the  Wind,  than  when  it  is  directly  oppos’d  to  it, 
it  ftill  receives  a third  Diminution  in  the  fame  Ratio,  as  AC  to 
AB,  and  the  Total  Diminution  will  be  as  A C to  E F,  or  merely 
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as  80  to  28  Bat  if  the  Obliquity  of  the  Sail  be  N O,  and  the 
Angle  made  by  A B and  NO  be  of  60  Degrees,  Fig.  5.  Tab.  feq. 
then  the  firft  Caufe  alone  will  diminifh  half  the  Force  of  the  Wind, 
and  reduce  it  from  80  to  40,  and  the  two  others  together  will 
reduce  it  from  40  to  31,  or  very  near:  Whence  may  be  judg’d, 

that  it  is  better  that  the  Sails  of  a Wind-mill  fhould  have  the 
Obliquity  of  60  Degrees,  rather  than  that  of  45,  which  they 
are  generally  made. 

T o illuftrate  this  Matter  yet  further,  and  to  calculate  the  Force 
of  Wind  that  blows  direftly  againft  the  Sails  of  a Ship,  the  Velo- 
city of  the  Wind  muft  be  found  out,  and  which  may  be  done  by 
the  letting  down  of  a very  light  Feather,  to  be  carried  by  the 
Wind  from  fome  fix’d  Place,  and  obferving  the  Time  that  it  takes 
up  in  running  through  a certain  Space,  as  30  or  40  Foot. 

Now,  fuppofing  Wind  to  go  24  Foot  in  a Second,  it  will  go 
as  fa  ft  as  a Jet  that  fpouts  from  a Hole  of  12  Foot  below  the  Sur- 
face of  its  Refervoir  or  Pond  (as  has  been  before  obferv’d)  and 
becaufe  the  Wind  ought  to  go  24  Times  fafter  than  the  Water,  to 
produce  the  fame  Effect,  it  will  perform  no  more  than  Water  of 
an  equal  Breadth,  that  goes  but  one  Foot  in  a Second,  or  than 
the  jet  that  goes  24,  if  the  Breadth  of  the  Wind  be  24  Times 
greater  in  Diameter,  or  576  Foot  in  Surface. 

N o w,  a Jet  half  a Foot  fquare,  coming  from  a Refervoir  or 
Mill-pond,  can  fuftain,  (as  was  faid  before)  a Weight  equal  to 
the  W eight  of  a fquare  Column  of  Water,  whofe  Bafe  is  half  a 
Foot  fquare,  and  whofe  Height  is  12  Foot;  and  fince  a 6 Inch 
Cube  (by  the  foregoing  Tables)  weighs  8 jr,  if  you  double  this 
Height,  it  will  be  17  Pounds  \ for  a fquare  Column  of  Water,  of  a 
Foot  long,  and  half  a Foot  broad  ; and  if  it  be  1 1 Foot  long,  210 
Pounds  will  be  fuftain’d  hy  a Jet  half  a Foot  fquare.  _ 

That  the  Wind  then,  moving  with  this. Velocity,  may  fuftain 
the  Weight  of  210  Pounds,  the  Sail  that  impels  it  muft  be  24 
broader  and  longer  than  half  a Foot,  that  is  to  fay,  it  muft  be  12 
Foot  broad,  as  well  as  long,  or  6 Foot  broad,  and  24  Foot  long, 
and  th  n the  Wind  that  goes  24  Foot  in  a fecond,  will  fuftain  210 
Pounds  plac’d  upon  an  horizontal  Ruler,  faftned  to  the  fame  Axis 
as  the  fquare  Sail  of  12  Foot,  at  the  fame  Diftance  from  the  Axis 
as  the  Middle  of  the  Length  of  the  Sail,  which  ought  to  be  in  a 
perpendicular  Situation;  but  if  the  Wind  goes  but  12  Foot  (which 
may  be  tried  by  the  foremention’d  Experiment)  it  will  lupport  but 
52  Pounds  and  a Flalf,  which  is  one  Quarter  of  210  Pounds. 
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I f you  would  know  the  Experiment  in  Miniature,  you  muffc 
make  ufe  of  the  Axis  defcrib’d,  ( Fig . 5.  Tab.feq.)  and  take  a Sail 
a Foot  Broad,  and  a Foot  long,  whofe  Surface  being  a Foot  will 
fupport  but  144th  Part  of  52  f,  namely  5 Ounces  4-,  if  this  Weight 
be  of  the  fame  Diftance  from  the  Axis,  in  the  Middle  of  this  little 
Sail;  but  you  muft  chufe  a Wind  that  goes  12  Foot  in  a fecond. 

From  the  following  Method,  fays  our  oft-quoted  Marriotte j 
may  be  eafily  calculated  the  different  Forces  of  Water  and  Wind, 
by  their  Impulfe. 

Suppose  that  each  of  the  Sails  is  30  Foot  long,  and  6 Foot 
broad,  which  produces  180  Foot;  if  the  Wind  goes  but  12  Foot 
in  a fecond,  it  fuftains  5 Ounces  # ; when  it  impels  a Sail  of 
a Foot  Surface  ; but  if  it  impels  180  Foot  in  Surface,  it  will  fuftain 
almoft  66  Pounds,  but  you  muft  take  away  -f,  by  Reafon  of  the 
triple  Obliquity  of  the  Impulfe  (as  was  before  prov’d):  If  the 
Obliquity  bp  of  qo  Degrees,  there  will  remain  29  Pounds,  and 
the  four  Sails  will  fuftain  100  Pounds;  but  the  Diftance  of  the 
Axis  from  the  Middle  of  the  Wheel,  and  that  from  the  Middle  of 
the  Floats,  to  their  Axis,  is  but  4 Foot., 

Then,  by  this  Caufe,  the  Wind-mills  will  augment  their  Force 
in  a Quintuple  Proportion ; and  if  the  Cogg-wheel  be  two  Foot 
in  Diameter,  the  Force  of  the  Wind-mill  will  be  ten  Times  100, 
and  that  of  the  Water-mills  twice  466  Pounds,  when  the  Wind 
goes  12  Foot  in  a lecond,  and  the  Stream  of  the  Water  4 Foot, 
you  may  make  the  like  Calculations  for  greater  or  lelfer  Sails. 

The  naked  Fan  or  Skeleton  of  the  Sails  of  a Wind-mill  are  ^ene- 
rally  made  i Foot  from  the  Center  of  the  Axis:  It  is  2 Foot 
from  the  faid  Axis,  or  Center  of  the  Axle-tree,  to  the  Beginning 
of  the  Fan,  and  the  Width  of  the  Top  of  the  naked  Faun  is  4 
Foot,  and  4 f Foot  long ; fo  that  the  general  Dimenfion  or  Square 
of  the  Sail  is  32  Foot.  * 

The  laborious  OzananJ  in  his  Treatife  of  ftmple  and  compound 
Engines, , Cap.  VII.  ‘Page  53.  thus  defcribes  an  Engine,  wherein 
the^  Vind  is  made  Ufe  ot  for  a moving  Power,  (viz.)  in  a Wind- 
mill, where  the  Wind  blowing  round  the  Sails  A B ( when  their 
Canvas  is  ftretch  d (which  in  fuch  a Cafe  are  Leavers)  caufes  the 
Axle  C D to  turn  horizontally,  and  the  Wheel  E F vertically,  whofe 
Coggs  take  the  Rounds  of  the  Trundle,  . 
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CHAR  XV. 

Of  Mill-wheels  for  raifing  Water,  &c.  their  Dimen - 
fions , Strength , P oft  ion  and  the  like  ; and  alfo  of  the 
heft  Places  for  fetting  of  Mills. 


HAT  has  hitherto  been  fet  down,  has  chiefly  had 
Relation  to  the  Proportion,  which  the  Perimeter  of 
the  Axis  of  a Wheel  has  to  the  Perimeter  of  the 
extreme  Orb,  to  which  any  Force  is  join’d,  or  that 
the  Semidiameter  of  the  one  has  to  the  Semidiameter 
of  the  other,  for  their  better  Force  in  moving  of 
great  Weights;  as  alfo  of  the  Power  of  multiplying  Wheels, 
to  that  End  and  Purpofe.  But  before  I quit  this  DoHrine,  of 
the  Rowls  or  Wheels,  in  the  Axis  in  Teritrochio , it  may  not  be 
improper  to  fubjoin  fome  Speculations  concerning  thefe  rotund  In- 
ifruments,  and  moving  Bodies,  that  our  Calculations  under  this 
Head  may  be  the  more  intelligible,  and  better  underflrood. 

I t is  a common  Obfervation,  and  that  which  A riftotle3  in 
Queftion  the  9th  of  his  Mechanicks  touches  upon,  That  large 
Wheels 3 Cylinders and  Spheres  move  with  more  Eafe  than  Jmall 
ones.  But  as  this  is  not  always  true,  and  as  there  will  be  Occa- 
fion  to  limit  this  extenfive  Doflrine,  and  to  bring  it  into  the  beft 
Light  we  can,  let  us  reduce  the  Matter  to  its  firft  Principle;  and 
fuppofe  that  a Cylinder,  fuch  as  Arijlotle  calls  the  Scytalis,  or  Rol- 
ler, that  is  us’d  in  Gardens,  or  for  the  fmoothing  of  any  other 
Piece  of  Ground,  fuch  as  is  exhibited  in  Fig.  6.  Tab.  feq.  If  the 
Weight  and  Length  of  the  Cylinder  be  equal,  tho’  the  Diameter 
be  more  in  the  one  than  the  other,  it  is  plain,  from  every  Day’s 
Experience,  that  you  may  roll  the  larger  with  more  Eale,  than 
you  do  the  lefler,  becauie  in  the  firft  Place,  the  Center  of  the 
large  Cylinder  is  higher  from  the  Plan  of  the  Earth,  than  the  Cen- 
ter or  Axis  of  the  lower,  and  confequently  a Man  ora  Horfe  pulls 
at  it  with  the  greater  Force,  the  whole  Strain  being  Horizon- 
tal; but  this  I lay  is  when  the  two  Cylinders  are  madeofdiffe- 
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•rent 'Materials,  the  one  of  Wood,  and  the  other  of  Stone  or  Lead 
of  equal  Length  and  equal  Weight,  though  of  different  Diame- 
ters; and  this  is  agreeable  to  that  of  the  learned  Wallis,  Cap,  7 
Prop.  1.  of  his  Mechanicks,  Fig.  2 58.  where  (treating  of  the  Axis  in 
F entrochio')  it  is  evident,  that  the  Force  of  the  Pully  is  nearly  hori- 
zontal, at  moft  not  above  5 Degrees  from  it;  for  if  the  Rope  at  P 
were  fattened,  in  order  to  be  wound  up  more  towards  B,  the  higher 
you  go,  the  more  Difficulty  you  would  meet  with,  in  drawing: 
the  Burden  n R .r  on. 

But,  notwithftanding  this  happens  in  fmall  Bodies,  as  Rollers 
and  other  imaller  Cylinders,  and  lower  Wheels;  yet  if  we  confider 
the  Refiftance  of  Air,  it  is  manifett,  that  the  greater  Circumfe- 
rence a Wheel  is  of,  fo  much  the  larger  Portion  of  Air  it  has  to 
contend  with,  and  confequently  the  greater  is  the  Friftion  or  Re- 
iittance,  and  that  large  Wheels  move  with  more  Difficulty  than  fmall 
ones;  and  this  feems  to  me  to  be  one  Reafon  why  they  have  chang’d 
many  of  their  large  underfoot  Wheels,  in  their  cloathing  Mills 
about  Braintree  in  Efex,  and  other  Places,  for  thofe  that  are  fmal 
ler ; fince  though  the  Weight  of  Water  is  to  Air,  as  800  is  to  1 yet 
where  there  is  but  little  Water,  and  the  Wheel  of  fuch  a’  vatt 
Magnitude,  800  Weight  added  to  the  other  Weight  or  Offices 
the  Wheel  is  to  perform,  is  a great  Incumbrance:  However 
where  there  is  Water  enough,  and  to  fpare,  and  where  the  Afcent 
is  very  high,  that  you  force  your  Water,  and  confequently  the 
Weight  great  (certain  enough  it  is)  that  the  larger  your  Wheel 
is,  the  greater  Weight  it  will  raife,  and  the  higher  it  will  throw 
your  Water;  and  where  the  Strength  of  the  Stream  is  capable  of 
overballancmg  the  Refiftance,  and  exterior  PrelTure  of  Air  the  Ufe 
of  the  Mills  before  fpoke  of,  not  requiring  fo  great  Strength  as 
thofe  do,  that  are  employ’d  in  raffing  great  Quantities  of  Water 
tis  there  the  latter  are  to  be  chofe,  and  prefer’d.  1 ’ 

But  again, t in  Relation  to  Wheels,  and  their  different  Sizes  and 
Pofitions,  it  is  very  certain,  that  overfhot  ones  are  beft  where 
you  have  but  little  Water,  as  being  drove  by  a much  lefs  Quantity 
thereoi,  than  underfhot  Wheels  are;  for,  as  has  been  obferv’d 
before,  in  the  Crane  or  1 read- wheel,  where  a Man  is  endeavou- 
ring to  climb  up,  if  the  Man’s  Weight  were  at  (A),  inttead  of  Cd) 
and  touch  d the  Orbit  of  the  Tangent  Line  direftly,  rather  than 
obliquely,  the  Wheel  would  move  with  the  more  Velocity  and 
confequently  elevate  the  more  Weight;  how  much  more  when  the 
Waterfalls  into  the  lop -of  the  Wheel  at  C,  where,  by  undoubted  Ex- 

n periments, 
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periments,  it  has  fix  times  the  Force,  and  will  confequently  raifi 
fix  times  the  Weight,  than  when  it  rails  in  at  00;  and  as  a farther 
Co  equenS  ffil?  a’  fixth  Part  of  the  Water  will  ferve  for  the 
driving  an  olevfliot  Wheel,  that  does  an  underfoot ; and  the  true 
Reafon  why  there  are  not  more  overihot  Wheels,  is  that  in  mod 
Places,  efpecially  in  flattilh  Meadows,  the  Mih-Pond  or  Head  of 
Water  cahnot  be  well  rais’d  above  4 or  5 Foot  high  at  molt ; and  in 
thofe  Places  likewife  there  are  very  great  Quantities  of  Water,  lufhci- 
ent  for  the  ltrongell  underfhot  Wheel,  wlulft  in  the  mean  Time  no 
overfhot  Wheel  can  be  reckoned  of  any  Account  under  7 oi  3 boo. 
Diameter  if  they  be  10,  1 5,  20  the  better : In  the  Mines  of  Durham > 
at  Utmley  Caftle,  I have  leen  an  Overihot  ot  28  beet  Diameter. 

And  this  leads  me  to  what  I have  been  all  along  aiming  at  j I mean 
the  Petition  of  Mills,  the  Diameter  ot  their  Wheels,  and  the  like. 

Now,  as  to  the  Pofition  of  Mills,  it  is  certain  they  Ihould  be 
as  near  the  Place  (to  which  you  throw  your  Water)  as.poffible; 
but  the  main  Confideration  is,  how  you  fhall  place  it  lo,  as 
that  you  may  have  a good  Mill-pool  or  Head,  and  aho  an  ea  y 
Paffage  for  your  Mill-Tail,  or  Back-water ; fothat  generally  fpeak- 
ing  a Mill  fliould  be  plac’d  upon  a midling  Hill,  near  a Hollow,, 
that  the  waft  Water  may  pafs  off  the  quicker,  fo  as  to  fave  Labour 
and  bxnence-  or  if  the  Ciround  be  a little  lowilh,  as  it  is  in  all  low 
MeahsIXnd  you  muft  bank  up  the  Sides  ro  what  Height  you 
?in  But  thus  far  Nature  and  common  Experience  direOs,  that 
voulbould  fbrfakethe  low  Ground,  and  keep  as  clofe  as-you  can 

to  the  Sides  of  that  which  lies  higher.  ....... 

Tt  is  as  well  known  alfo,  that  the  farther  you  go  back,  the  higher 
may  you  make  your  Bank,  and  Mill-pond,  which  Ihould  be  took, 
” il-e  the  Owner  can,  half  a Mile,  a Mile,  or  two  or  three. 

Boras  every  MiU-wright,  or  his  Matter  can  not  have  fuch 
a Command,  but  muff  be  content  with  what  the  Rile  of  his 
own  Land  will  allow,  in  (perhaps)  2,  8,4,  or  500  Yards  (lot  he  muii 
not  penn  up  the  Water,  to  the  Damage  of  other  People,  that  lye 
behind  him):  By  the  Rules  before  laid  down,  he  muff  take  the 
Defcent  and  if  he  finds  he  can  make  his  Cutt,  or  Mi  -pool  7 m 
P Foot  high,  why  then  he  may  venture  at  an  ovet.hot  \ Lee  , 
% he  his  but  little  Water ; but  it  he  has  a great  deal,  he  need  no 
n.  :n  f0  hard  as  to  attempt  at  fo  great  a Height,  but  be  content  with 

- or  6 Foot  Diameter  (feldom  more,  as  he  pleafes)  and  now  the 
fcfition  ofthe  Mills,  the  Diameter -of  the ^Wheels  and  the  like 
being  fettled,  thus  proceed  to  the  Work  and  frame  of  the  Wheel, 

jfoc,  it  left- . 
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NOTES  on  Book  II.  Chap.  io. 


Of  the  Air -Tump.  Fig.  8.  Tlate  §. 


IT  hiving  been  my  Method  in  two 
or  three  Chapters  going  before,  to  add 
fome  few  Notes,  for  the  better  Illu- 
ftration  of  the  Chapters  foregoing  ; I 
take  the  fame  Liberty  in  this,  in  order  to 
the  fuller  Explanation  of  the  wonderful 
Properties  of  Elaftick  Air,  as  it  is  difco- 
vered  by  the  Air-Pump,  tho’  fomething  is 
in  the  Text  already  hinted  And  firft  of 
all,  I (hall  give  a Defcription  of  the  Air- 
Pump,  as  it  is  contriv’d  by  Gravefande  in 
his  Mathematical  Elements  of  Natural  Phi - 
lofophy : And  this  I do,  fora  further  De- 
monllration  of  the  Elaftick  Power  of  Air, 
which  is  largely  treated  of  in  fome  of  the’ 
Chapters  going  before  ; becaufe  the  Ela- 
fticity  of  Air  is  explained  in  the  Con- 
ftruSion  and  Ufes  of  a Machine,  by 
which  the  Air  may  be  drawn  out  of  any 
Veflel ; and  this  Machine  is  call’d  an  Air- 
Pump,  and  is  made  feveral  Ways  : The 
chief  Part  in  all  of  them  is  a Barrel  or 
hollow  Cylinder  of  Metal,  bored  fmooth, 
and  polifhed  in  the  Iniide ; in  this  Barrel 
muft  move  a Pifton,  that  fills  its  Bore  fo 
exaftly  as  to  let  no  Air  flip  by.  This 
Pifton  is  thruft  down  clofe  to  the  Bottom 
of  the  Barrel,  and  then  raifed  up  in  fuch 
^Manner,  as  to  exclude  all  the  Air  from 
the  Cavity  of  the  Cylinder  or  Barrel ; if 


this  Cavity  communicates  with  any  Veflel 
by  means  of  a Pipe  at  the  Bottom  of  the 
Barrel,  the  Air  in  the  Veflel  will  expand 
itfelf,  and  part  of  it  will  enter  into  the  Bar- 
rel, fo  that  the  Air  in  the  Barrel,  and  in  the 
Veftel  will  have  the  fame  Denlity.  At  the 
fhuttingup  of  the  Communication  between 

the  Veftel  and  Barrel,  and  letting  the  Air 
out  of  the  Barrel,  apply  the  Pifton  clofe  to 
the  Bottom.  If  you  raife  the  Pifton  4 
fecond  Time,  and  open  the  Communica- 
tion between  the  Barrel  and  Veftel  above- 
mentioned,  the  Denfity  of  the  Air  in  the 
Veftel  will  again  be  diminifhed ; and  re- 
peating the  Motion  of  the  Pifton,  the  Air 
in  the  Veftel  will  be  reduced  to  the  leail 
Deniity.  Vet  all  the  Air  can  never  be  ex- 
haufted  by  this  Method  ; for  at  every 
Stroke  the  Air  does  fo  expand  it  felf  as 
to  have  the  fame  Denfity  in  the  Barrel  as 
in  the  Veflel,  in  which  laft  therefore  there 
is  always  a little  Air  left. 

All  Air-Pumps  have  in  common  the 
Parts  above  deferibed,  but  they  differ  in 
feveral  other  Things.  Firfi.  The  Com- 
munion between  the  Receiver  to  be  cr- 
haufted,  and  the  Cylinder  or  Barrel  is 
opened  and  (hut  different  Ways.  Secondly 
T here  arc  different  Ways  of  getting  the 
Air  out  ot  the  Cylinder  or  Barrel,  when 
A the 
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the  Pifton  is  brought  to  the  Bottom. 
Thirdly,  The  Piftons  differ  in  different 
Pumps.  Fourthly , The  Pofition  of  the 
Cylinder  is  not  the  fame  in  all  Pumps. 
Fifthly,  There  are  different  Contrivances 
for  moving  the  Pifton. 

There  are  often  two  Barrels ; in  one 
of  which  the  Pifton  is  raifed,  when  it  is 
deprefs’d  in  the  other.  The  Pump  de- 
fcrib’d  Fig.  8.  Plate  9.  has  two  Brafs  Bar- 
rels C,  C,  of  2 Inches  Diameter,  and  a- 
bout  5 Inches  high. 

In  thefe  Barrels  the  Piftons  move,  one 
«f  which  defcends,  while  the  other  rifes, 
Which  Motion  is  communicated  to  thereby 
the  Wheel  at  Top,  which  is  moved  by  the 
-Handle  M M,  Fig.  9 ■ P^te  9-  fix’d  to 
*he  Axis  a.  The  angular  Motion  of  the 
Wheel,,  is- the  eighth  Part  of  a Circle,  by 
which  in  a lefs  Wheel  there  is  produc’d  an 
angular  Motion  of  no  Degrees.  This 
Idler  Wheel  is  fixed  to  a third  Wheel,  by 
Means,  of  which  the  Piftons  are  immedi- 
'ately  moved  ; they  make  a Stroke  of  3 
Inches  and  a half. 

The  Contrivance  of  the  Pifton  is  much 
the  fame  as  in  the  Pumps  which  they  ufe 
in  England ; tho’  we  think  that  we  have 
made  ours  more  perfedt,  by  fome  Altera- 
xions  in  them. 

The  Glafs  is  to  be  exhaufted,  or  fet 
apon  the  round  Plate  LL;  they  commu- 
nicate with  the  Barrels,  by  Means  of  a 
Pipe,  one  End  of  which  is  at  D,  and  which 
folder’d  to  the  lower  Side  of  the  Plate, 
the  Continuation  of  this  Tube  is  feen  at 
£ E ; there  are  two  Cocks  in  it,  E E,  be- 
tween the  Cocks  is  fixed  the  Pipe  /,  /, 
which  communicates  with  the  Cylinders 
■©  G.. 

’When  the  Air  is  exhaufted,  one  of  the 
Cocks  above-mention’d  ferves  to  fhut  the 
Communication  between  the  Receiver  (fo 
the  Glaffes  are  call’d  from  which  the  Air 
is  to  be  pumped  out)  and  the  Barrels ; the 
other  Cock  ferves  to  let  the  Air  in  again, 
and  to.  cut  oft’  the  Communication  with 
the  Mercurial  Gage. 

This  Mercurial  Gage  could  not  be 
conveniently  reprefented  in  this  Figure  ; it 
ferves  to  determine  what  Quantity  of  Air 
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is  drawn  out  of  the  Receiver,  as  alfo  whae 
Quantity  of  Air  remains  in  it;  it  is  likewife 
of  Ufe  for  meafuring  the  folid  Contents 
of  the  Receivers,  which  ought  to  be  ex- 
a£Uy  known  in  feveral  Experiments  ; our 
Gage  differs  from.  the.  common  Gages  iu 
feveral  Refpe&s. 

A little  Cylinder,  with  a Screw  upon  it, 
is  often  ferewed  into  the  Plate  at  D,  for  ap 
plying  a Globe  to  be  exhaufted  to  the  Pump. 

In  the  Middle  of  the  Plate  L L,  there  is 
a Hole,  which  is  (hut  up  with  a Screw  ; 
but  fometimes  it  ferves  for  j oining  feveral 
Machines  to  the  Plate. 

By  this  Means-  alfo,  there  is  often  ap- 
plied to  the  Pump  a cylindrick  Box,  full 
of  Leathers  foak’d  in  Wax,  thro’  the  Cen- 
ter  of  which  a Brafs  Wire  paffes,  which- 
may  be  moved  by  the  Help  of  a Handle, 
fo  as  to  communicate  Motion  into  a Place 
void  of  Air ; the  Box  has  a Cover,  which 
enters  into  it  with  a Screw,  for  preilkig 
the  Leathers  together,  and  to-  prevent  the 
entering  in,  or  efcaping  out  of  the  Afr; 
fuch  a Box  or  Collar  of  Leathers,  is  often 
joined  to  the  Cover  which  is  laid  over  the 
Recipients,  as  may  be  feen  in  Fig.  10. 
Plate  9. 

When  the  Receivers  are  laid  upon  the 
Plate  L,  L,  or  when  the  Receivers,  are 
Hoped  with  Covers,  or-. when  the.  Screws 
are  joined  to  the  Machine,  and  in  general, 
when  the  Air  is  to  be  hinder’d  from  run- 
ning in,  we  make  ufe  of  Wax,  which  is 
foften’d  by  mixing  as  much  Oil  and  Wa- 
ter to  it  as  is  found  neceflary. 


TkrLaJl  Account  of  an  Air-Pump,  which 
I jhall  produce,  is  that  contriv'd  by  the 
late  Ingenious  Mr.  Hawksbee,  and  which 
he  made  ufe  of  in  all  his  Phyfico-Mecha- 
nical  Experiments,  being  ejleemed  tba- 
bejl  in  its  Kind  that  is  extant. 

THIS  Pump,  which  is  delineated  Fig. 

x 1.  Plate  9,  confifts  of  two  Brafs  Bar- 
rels or  Cylinders,  as  reprefented  by  aaaa , 
twelve  Inches  in  height,  and  two  their 
Diameters  within.  The  Suckers,  or  Em- 
boli, are  raifed  and.  deprefs’d  by  turning 

the 
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the  Handle  at  the  Center  / backward  and 
forward.  The  Winch  is  fatten’d  to  a Spin- 
dle, that  pafles  through  a Lanthorn,  whofe 
Pins  perform  the  Office  of  Cogs : For  in  its 
Motion  they  lay  hold  on  the  Teeth  of  the 
Racks  c c c c,  and  fo,  reciprocally,  as  one 
is  deprefs’d,  the  other  is  elevated  : By 

which  Means  the  Valves,  which  are  made 
of  limber  Bladder,  and  fix’d  on  the  upper 
Part  of  each  Embolus , as  well  as  at  the 
Bottom  of  the  foremention’d  Cylinders, 
perform  their  Offices  mutually  of  exhauft- 
ing  and  difcharging  the  fame  Air  taken 
from  the  Recipient  on  the  Plate  of  the 
Pump.  And  when  the  Recipient  comes  to 
be  pretty  well  exhaufted  of  its  contain’d 
Air,  the  Preffure  of  the  outward  Air  on 
the  defcending  Sucker  is  nearly  fo  great, 
that  the  Power  requir’d  to  raife  the  other 
is  very  little  more  than  what  furmounts 
the  Fridtion  of  the  moving  Parts  ; which 
renders  this  Pump  preferable  to  all  others  : 
For  in  the  working  of  them,  the  nearer 
they  approach  to  a Vacuum,  the  greater  is 
their  Labour.  But  this  that  I am  now 
defcribing  (under  the  fame  Circumftances) 
is  quite  contrary. 

The  Bottom  of  the  Barrels  are  placed 
in  a Brafs  Diffi,  reprefented  by  d d,  whofe 
Sides  are  about  two  Inches  high,  and  is  on 
purpofe  to  put  Water  in,  to  keep  the  Lea- 
ther Collars  (on  which  the  Brafs  Cylinders 
Hand)  moift,  whereby  the  Air  is  prevent- 
ed from  infinuating  into  the  Cylinders  of 
thofe  Parts. 

The  Cylinders  are  fcrew’d  down  on  the 
fame  by  the  Nuts  e e e c,  which  force  the 
Frontifpiece//  down  on  them,  thro’  which 
the  two  Pillars  g g gg  pafs. 

The  Pillars  have  an  Iron  belonging  to 
each  of  them,  and  pafs  from  them  in  the 
Form  of  a Swan’s  Neck,  decypher’d  by  gg, 
which  Irons  are  fatten’d  to  the  hinder  Part 
of  the  Frame,  for  their  better  Security 
from  fhaking. 

From  between  the  two  Brafs  Barrels 
arifes  a Brafs  hollow  Wire,  h h h h,  which 
hath  a Communication  with  each  of  them, 
by  means  of  a perforated  Piece  of  Brafs 
which  lies  along  horizontally  from  one  to 
.the  other. 


The  upper  End  of  this  hollow  Wire  is 
fatten’d  to  another  Piece  of  perforated 
Brafs,  which  fcrews  on  underneath  ths 
Plate;*//,  which  is  ten  Inches  over,  and 
has  a Brafs  Rim  folder’don  if,  to  prevent 
the  (bedding  of  Water;  for  which  there  is 
Occafion  in  feveral  Experiments.  Between 
the  Middle  and  the  Side  of  this  Plate  arifes 
a fmall  Pipe  k , about  an  Inch  and  an  half 
in  height,  through  which,  into  the  fore- 
mention’d hollow  Wire,  palles  all  the 
Air  into  the  Barrels,  as  it  is  taken  from  the 
exhaufting  Receiver.  Upon  the  Plate  of 
the  Pump  is  always  laid  a wet  Leather,  on 
which  the  Recipients  are  placed  : This  wet 
Leather  prevents  the  Air  getting  into  the 
Glaffes,  whofe  Edges  are  truly  ground, 
and  is  of  ufe  for  that  Purpofe  beyond  any 
Cement  whatfoever  ; and  not  only  fecures 
it  from  the  Air’s  Ingrefs  that  Way,  but  by 
the  Ufe  of  it  we  can  make  feveral  Expe- 
riments in  the  fame  Time  they  could  for- 
merly make  one,  without  any  Daubing  or 
Difficulty. 

Another  Excellency  in  this  Pump  is, 
the  Contrivance  of  the  Gage  denoted  by 
///  / ; which  Gage  is  a Glafs  Tube  about 
34  Inches  long,  and  is  fo  placed,  that  it 
cannot  eafily  receive  Damage,  and  is  alto- 
gether out  of  the  Way  of  any  thing  that 
is  experimented  on  the  Pump.  Its  lower 
Orifice^  is  plung’d  in  a Glafs  of  Mercury 
deferib’d  by  m m,  on  the  Surface  of  which 
is  laid  a piece  of  Cork  with  a Hole  in  the 
middle  of  the  Glafs  Tube  to  pafs  thro’  : 
On  this  Cork  is  plac’d  a Board  made  of 
Box-Wood,  about  an  Inch  in  Breadth,  and 
groov’d  in  the  middle  to  receive  the 
foremention’d  Glafs  Tube,  which  is 
loofely  loop’d  on  to  the  fame  by  two  Brafs 
Loops,  that  it  may  have  the  Liberty  of 
riling  and  falling,  as  the  Mercury  afeends 
or  defeends  in  the  Gage. 

To  the  upper  part  of  this  Tube  is  ce- 
mented a Brafs  Head,  which  Brafs  Head 
fits  into  the  forementioned  perforated  Brafs 
Piece  that  is  fcrew’d  on  under  the  Plate, 
and  has  a Communication  as  well  with 
the  Recipient  on  the  fame,  as  with  the 
hollow  Brafs  Wire  b h b b palling  between 
the  two  Barrels, 

A a The 
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The  Box  Board  is  graduated  into  Inches 
and  Quarters,  from  the  Surface  of  the 
Quickfilver  to  a8  Inches  high  : From 
thence  ’{is  divided  into  Tenths  of  Inches. 
From  this  Gage  the  Degrees  of  Rarefadli- 
on  in  any  Experiment  are  at  all  times 
mod  nicely  to  be  obferved. 

The  Air-Cock  »,  which  lets  in  the  Air, 
is  likewife  a Screw,  on  the  fame  foremen- 


tion’d perforated  Brafs,  in  which  the  upper- 
parts  of  the  Gage  and  hollow  Wire  are  in- 
fer ted  -.oooo  reprefents  a Receiver  Hand- 
ing on  the  Plate  of  the  Pump,  on  whofe 
upper  part  pp,  through  a Box  of  Collars 
of  Leather,,  pafles  a Slip  Wire,  whofe  Of. 
fice  is  to  take  up,  let  fall,  or  fufpend  any 
Thing  at  any  determinate  Height,  in  the 
Receiver,  without  the  Air’s  Inlinuation. 


Book  II*  Page  194. 

The  Trejfure  of  Air  defends  upon  its  Height. 


AT:  I might  finilh  what  I have  to 

Jtl  add,  as  to  the  Weight  and  Gravita- 
4 ion  of  Air,.  I have  added  this  Note  out, 
© t .Marriotte,  which  is,  I humbly  con- 
ceive, amongft  the  mod  curious  of  all  his 
Experiments. 

'The  Weight  of  Air  (fays  he)  is  dill  far- 
ther prov’d  , by  an  Experiment  curious 
enough  : Take  a Glafs  Bottle  A B (Fig.  4.. 

6.)  in  which  there  is  an  Hole  made  of  j, 
©t  3 Lines,  as  at  C;  put  a Glafs  Tube  as  D E 
about  two  Lines  Diameter  into  the  Neck  of 
the  Bottle,  as  at  G,  and  cement  them  toge- 
ther with  a Mixture  of  Wax  and  Turpen- 
tine, or  wjth  Pitch,  fo  that  the  Air  can’t  get 
between  them;  then  laying  the  Bottle 
along,  through  the  Aperture  C,  you  fill 
it  with  Water,  and  fill  likewife  at  the  fame 
time  the  Tube  ED,  keeping  the  End  D 
clofe  dopp’d  ; and  when  you  place  the 
Bottle  in  its  perpendicular  Situation,  the 
Water  in,  the  Tube  will  defcend  to  E,  and 
as  much  will  go  out  through  the  Hole  C, 
If  the  Extremity  E of  the  Tube  anfwers  in 
Height  to  the  Middle  of  the  Hole  C ; but 
If  the  Tube  reaches  down  below  the  Hole 


as  far  as, I,  the  Water  will  ceafe  running, 
when  the  Tube  is  empty  as  far  as  E,  and 
the  Bottle  will  remain  full  of  Water  up  to 
the  cemented  Neck  towards  G ; but  if  the 
End  of  the  Tube  be  a little  higher  than  the 
Top  of  the  Hole  C,  as  at  L,  and  it  be 
two  or  three  Lines  broad,  then  you  will 
fee  the  Air  go  out  through  this  open  End, 
and  rife  again  to  the  Top  of  the  Bottle, 
and  at  the  fame  time  the  Water  will  go 
out  through  the  Hole  C,  till  there  be  none 
left  above  the  Point  C. 

Thefe  Effects  are  explained  in.  the  following 
Manner. 

The  External  Ait  prefling  towards  the 
Hole  C by  its  Weight,  endeavours  ro  pulh 
up  the  Water,  which  endeavours  by  its- 
Weight  to  get  out,  and  the  Air  which  is. 
above  the  Tube  E D preffes  like-  , and 
aRs  by  its  Gravity  upon  the  Water  con- 
tain’d in  the  Tube,  which  bdag  join’d  to 
the  Weight  of  that  Water,  mud  overpoife 
the  Weight  of  the  Air  which  afts  at  C, 
which  caufes  the  Water  in  that  Tube  to 

defcend, 
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defcend  to  E,  and  then  the  Air  preffing  on 
one  Side  at  E,and  on  the  other  at  C,  joint- 
ly fuftain  the  Water  in  the  Bottle  from  E 
and  C,  up  to  A and  H,  and  it  wou’d  even 
fuftain  it,  though  the  Height  C H were  of 
90  Feet,  provided  the  End  of  the  Tube 
were  below  the  Bottom  of  the  Hole  C ; 
but  when  the  Tube  defcends  no  lower 
than  L,  then  the  Water  from  L to  E, 
join’d  to  the  Weight  of  the  Air  which 
preffes  upon  L,  will  overpoife  the  Air  at 
C,  and  the  Water  will  go  out  through  the 
Hole  C,  whilft  the  Air  defcending  from 
D to  L,  and  entering  Drop  by  Drop  into 
the  Water  through  the  open  End  L,  rifes 
above  the  Surface. of  the  Water  which  is 
below  the  Neck  of  the  Bottle  ; but  if  you 
incline  the  Bottle  in  fuch  Manner  that  the 
Point  L and  the  Middle  of  the  Aperture 
C may  be  in  the  fame  horizontal  Line,  you 
will  fie  half  a Drop  of  the  Air  get  below 
the  Point  L,.  but  not  feparate  from  the 
reft,  unlefs  you  raife  the  End  L a little 
higher. 

When  you  have  let  fome.  Air  into  the 
Bottle,  fo  that  the  Surface  of  the  Water 
is  at  N O,  and  dilate  that  Air  by  heating  it 
with  your  Hand*  you  will  force  out  fome 
Drops  of  Water  at  C,  though  the  End  of 
the  Tube  be  below  this  Hole,  and  the 
Water  will  defcend  as  to  p y,  but  if  you 
let  the  Air  grow  cold  again,  you  will  fee 
for  fome  time  Bubbles  of  Air  enter  in  at 
C ; becaufe  the  Air  which  had  defcended 
as  far  as  P Q_,  contrasting  it  felf  within 
the  Space  which  it  took  up  at  firft  from 
N O at  A H,  and  there  being  no  Water 
to  fill  up  the  Space  NO  P the  Air 
muft  come  in  from  without,  through  the 
Hole  C. 

Water  has  no  fenfible  Elafticity,  and 
makes  an  Equilibrium  with  other  Bodies 
only  by  its  Weight  or  Impulfe : The  firft 
Equilibrium  that  is  remarkable  in  Water, 
with  refpeSt  to  Air,  is,  that  being  reduc’d 
to.  very  fmall  Particles,  it  becomes  lighter 
than  - Air,  and  rifes  in  a Vapour,  as  was 
before  obferved.  We  can’t  tell  how  fmall 
fitch  a Particle  of  Water  muft  be  to  make 
an  Equilibrium  with  the  Air  near  the  Earth, 
becaufe,  thofe  Particles,  which  are  a little 


lighter  or  a little  heavier  than  Air,  are  in- 
vifible  when  they  are  feparate  from  each 
other.  ’Tis  very  difficult  likewife  to  find 
out  the  Reafon  of  their  Rife,  for  it  can’t 
be  that  they  are  mix’d  withAir,  becaufe  they 
would  ftill  weigh  more  than  pure  Air;  ’tis 
not  by  Reafon  of  Heat,  becaufe  we  fee  Va- 
pours arife  from  very  cold  Water  ; ’tis 
probable  then  that  in  the  Air  there  are  very  . 
fine  Pores,- void  of  all  heavy  Matter,  into 
which  thefe  fine  Particles  of  Water  may 
infinuate  themfelves,  and  rife  therein,  and 
into  which  the  groffer  Particles  can’t  enter. 

These  fmall  Particles  make  an  Equili- 
brium with  the  Air  at  about  a League  or 
two  Leagues  Diftance  from  the  Earth,  , 
where  they  remain  a long  Time  fufpended, 
till  many  of  them  being  join’d  together 
they  become  heavier  ; and  when  the  Air  is 
very  much  rarefied,  they  fall  to  the  Earth. 

This  is  further  illuftrated  by  an  Experi- 
ment in  the  Air-Pump;  for  when  you  , 
have  pump’d  out  fome  part  of  the  Air,  you  . 
fee  the  Recipient  grow  dull  by  the  Fall 
of  the  Vapours,  which  the  Air,  by  reafon  of 
its  too  great  Rarefaction,  being  no  longer 
able  to  fuftain,  they  fall  in  fine  little  Drops 
upon  the  Glafs  which  contains  them, 

1 n Places  where  there  are  great  Wa- 
ter-Falls, you  fee  Vapours  perpetually 
arife,  which  are  nothing  but  Particles  of 
Water  broken  by  their  Impulfe  : And 
when  a Soap  Bubble  comes  to  break,  one 
Part  of  the  Water,  of  which  it  coniifts, 
falls,  and  the  reft,  being  reduc’d  to  very 

fine  Particles,  afcends  in  a Vapour. 

RULE  I. 

For  the  Equilibrium  of  Water  by  its  Weight. 

Water  being  in  one  or  feveral  Vdfels, 
that  communicate  with  each  other,  has  its 
upper  Parts  always  upon  an  equal  Level 
that  is,  at  equal  Diftances  from  the  Center 
of  the  Earth. 

The  EXPLANATION.  Fir.  5 
Plate  6. 

Let  A G H C be  a recurve  Tube,  whofe 
Diameter  is  equal  in  .all  its  Parts ; pour 
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fome  Wafer  into  it  at  the  End  A,  and  it 
will  rife  to  the  fame  Height  in  the  other 
Leg  Of  the  Tube;  that  is,  if  D E be  an 
Horizontal  Line,  and  the  Water  in  the 
Leg  AG,  rifes  as  far  as  D,  it  will  rife  in 
the  other  as  far  as  E,  and  there  continue 
when  you  have  ceas’d  pouring,  and  the 
Water  is  at  reft. 

For,  firft,  if  the  Legs  be  of  equal 
Breadth,  and  equally  inclin’d  to  the  Hori- 
zon, there  being  an  Equality  in  every  Re- 
fpe£t  on  both  Sides,  the  Water  can’t  re- 
main at  the  unequal  Heights  A and  F,  be- 
caufe  the  Weight  of  the  Water  A G will 
be  greater  than  that  of  the  Water  H F ; 
and  confequently  in  defcending  it  can  take 
to  it  felf  a greater  Quantity  of  Motion,  than 
it  will  give  to  the  other  in  afcending,  fince 
they  will  have  equal  Velocities  and  the 
feme  Diredtions. 

Therefore  by  the  nntverfal  Principle, 
the  Water  can’t  be  at  reft,  unlefs  it  be  at 
the  fame  Height  in  the  two  Legs.  But  if 
you  flop  the  End  C with  your  Finger, 
before  you  pour  in  the  Water  at  A,  and 
fill  the  Leg  A G with  Water  up  to  A,  the 
ether  will  be  empty,  and  no  Water,  or 
very  little  atmoft,  will  rife  into  it ; becaufe 
the  Air  takes  up  the  Place,  if  the  Leg  AG 
be  not  above  two  or  three  Feet  in  Height ; 
then  if  you  take  oft' your  Finger,  the  Wa- 
ter in  the  Leg  A G will  defcend,  and  Part 
of  it  will  go  into  the  other  Leg,  and  rife 
as  high  as  E,  whilft  the  other  falls  as  low 
as  N,  and  afterwards  it  will  rife  to  D, 
and  fall  again  as  low  as  M ; till  at  length, 
after  feveral  Vibrations,  it  will  be  at  reft 
on  both  Sides  at  an  equal  Height  as  I F. 

When  in  this  Experiment  the  Water 
begins  to  defcend  from  the  Leg  A to  go 
into  the  other,  it  accelerates  its  Mo- 
tion till  it  be  at  an  equal  Height  in  the 
two  Legs,  as  at  I F,  where  the  Equili- 
brium ought  to  be;  and  afterwards  its  Ve- 
locity gradually  diminifhes  till  it  be  got  to 
the  Points  N and  E ; it  defcends  again  af- 
ter the  fame  Manner,  accelerating  its  Mo- 
tion from  the  Height  E,  till  it  be  paft  the 
aforefaid  Level  IF,  and  dimiuifhing  it  till 
<ene  of  the  Heights  be  at  D,  and  the  other 

M i .and  thefe  Vibrations  will  continue 


til!  the  Water  be  at  reft  at  IF,  juft  as  a Pen- 
dulum accelerates  its  Motion,  till  it  comes 
to  the  Point  of  Reft,  which  it  diminifhes 
in  re-afcending  from  that  Point;  and  at 
length,  after  feveral  Vibrations,  ftands 
(till. 

The  fame  Thing  will  happen  in  a Vef- 
fel,  as  A B C D {Fig,  6.  Plate  6.)  fill’d  with 
Water  up  to  E F ; for  if  by  pouring  in 
Water  at  F,  you  raife  it  as  high  as  G,  it 
will  not  remain  in  that  Situation,  after  you 
have  left  off  pouring  in  other  Water:  For 
the  Weight  of  the  Water  G KHC,  being 
greater  than  that  of  the  Water  K I L H, 
(L  H and  H C being  fuppos’d  equal,)  it 
will  for  the  fame  Reafons  overpower  it, 
and  raife  Water  towards  I K,  and  at  the 
fame  time  the  upper  Surface  GK  being 
inclin’d,  the  Water  will  move  from  G 
towards  I ; and  for  the  fame  Reafon,  the 
Water  E BLI  will  rife  likewife:  And  at 
lafl,  after  feveral  Vibrations,  the  upper  Sur- 
face of  the  Water  will  be  upon  a Level. 
Hence  what  happens,  when  a Stone  is 
thrown  into  a (landing  Water,  as  at  N,  {Fig. 
■j.  Tab.  6.)  may  be  explained  ; for  the  Stone 
railing  the  Water  round  it  in  a Circular 
Wave,  whofe  Elevation  is  reprefented  by 
O and  P,  it  can’t  remain  in  that  Pofition  ; 
but  the  Part  O will  move  towards  L,  and 
in  its  Motion  will  impel  and  raife  the 
Water  next  to  it  as  R,  which  will  like- 
wife impel  and  raife  that  which  follows  it, 
in  fuch  manner,  that  the  Water  rais’d  at  O 
will  Teem  to  move  as  far  as  L. 

The  fame  Thing  will  happen  to  that 
Part  of  the  Water  rais’d  at  P,  and  by  this 
Means  a circular  Wave  will  arife,  which 
receding  from  the  Point  N,  will  grow 
larger  and  larger,  till  it  reach  the  Banks  L 
and  M,  if  they  be  not  too  far  diftant;  and 
in  its  Reflexion  from  thence,  a new  cir- 
cular Wave  will  be  form’d,  which  will 
advance  on  both  Sides  towards  N,  conti- 
nually enlarging  its  Circumference,  and 
leftening  his  Height,  till  the  whole  Surface 
of  the  Water  be  got  to  a Level. 

Let  us  fuppofe  now  the  two  Legs 
{Fig,  8.  Tab.  6.)  of  unequal  Diameters,  as 
ABCD,  the  Water  will  be  at  the  Height 
ET,  which  is  the  fame  in  both  Legs  and 
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fr'e  Column  AB ; A B will  not  overpoife 
the  Column  CF;  for  let  the  Bafe  B G, 
which  is  fuppofed  Square,  be  (ixteen 
times  greater  than  the  Bafe  C,  and  if  it 
be  pofhble,  let  the  Water  defcend  from  E 
to  1,  and  afcend  on  the  other  Side  to  D ; 
that’  which  is  fuppos’d  to  defcend  from  E 
to  I,  will  be  equal  to  the  Water  contain’d 
betwixt  F and  D,  arid  the  two  little  Cy- 
linders FD,  El,  will  have  their  Heights 
reciprocally  as  their  Bafes : Then  as  i 6 is 
to  i,  fo  is  the  Height  F D to  E I : Now 
the  Cylinder  E B being  fixteen  times  great- 
er than  the  Cylinder  CF.  will  weigh 
ftxteen  times  as  much:  But  the  Space 

pafs’d  through  in  the  fame  Time  by  the  little 
Cylinder,  will  be  likewife  fixteen  times 
greater  than  the  Space  pafs’d  through  by 
the  great  Cylinder,  and  their  Diredtions 
are  the  fame,  both  being  perpendicular  : 
Then  their  Velocities  mud  have  been  re- 
ciprocally as  their  Weights,  and  they  mud 
have  had  an  equal  Quantity  of  Motion, 
which  is  impofiible;  for  by  the  univerfal 
Principle,  thefe  Cylinders  ought  to  make 
an  Equilibrium  ; and  one  can’t  make  the 
other  move,  becaule  they  are  difpos’d  to 
take  an  equal  Quantity  of  Motion,,  accor- 
ding to  the  fame  Direftion. 

1 f you  pour  Water  into  the  narrow 
Tube  till  it  be  as  high  as  D,  it  can’t  re- 
main there  in  a State  of  Red,  till  the 
other  Leg  be  fill’d  up  to  A : For  let  the 
Height  F D be  an  Inch,  and  its  Bafe  an 
Inch,  and  the  Water  BE,  160  Cubic 
Inches,  and  F C ro  Inches,  then  the  whole 
Column  of  Water  CD  will  be  n Cubic 
Inches.  If  then  the  whole  Column  C D 
falls  an  Inch,  the  Water  EB  will  rife  ±6  of 
of  an  Inch ; viz.  the  Height  E L,  and  the 
Space  E L will  be  the  Meafure  of  the 
Velocity  of  the  Water  BE,  as  D F is  that 
of  the  Water  CD:  Now  160  multiply’d 
by  ,i,  gives  io  for  the  Quantity  of  Mo- 
tion, and  ir  multiply’d  by  i gives  ii; 
then  the  Quantity  of  Motion  of  the  Water 
D C will  be  greater  than  that  of  the  Wa- 
ter B E , or  which  is  the  fame  Thing,  the 
Velocity  of  the  Water  in  the  fmall  Tube 
will  be  greater  in  Proportion  to  the  Velo- 
city of  the  Water  in  the  great  Tube,  than 


the  Weight  of  this  latter  is  to  the  Weight 
of  the  former  ; and  by  the  univerfal  Prin- 
ciple the  Water  in  the  fmall  Tube  mud 
defcend.  The  fame  Confequcnces  may 
be  drawn  with  relpedt  to  other  unequal 
Heights,  till  the  two  Surfaces  of  the  Wa- 
ter in  each  Leg  be  upon  a Level,  nor  will 
the  Water  be  at  red,  till  it  be  at  the  fam« 
Height  in  both. 

The  Water  AG  may  be  dill  further 
conlidered,  as  divided,  according  to  its 
Length,  into  fixteen  little  fquare  Columns, 
each  of  which  may  be  fuppofed  equal  to 
the  fmall  fquare  Column  C D ; and  be- 
caufe  none  of  thefe  fmall  Columns  can 
rife  higher,  or  fall  lower  than  the  others, 
the  fame  may  be  concluded  of  the  little 
Column  C D,  though  it  be  not  contigu- 
ous to  them. 

Hence  it  follows,  that  if  you  put  a 
floating  Body  upon  the  Water  in  the  Leg 
A B,  and  the  Weight  of  the  Body  be  equal' 
to  that  of  the  Water  contain’d  in  the 
Height  AE,  when  that  Water  is  pour’d1 
off,  the  Water  in  the  little  Leg  will  dill 
remain  at  the  Height  CD,  and  there  will 
be  an  Equilibrium  betwixt  the  Column 
CD,  and  the  Water  BE,  joined  to  the 
Weight  of  the  Floating  Body,  for  the  Rea- 
fons  above-mentioned. 

When  the  narrow  Leg  is  very  fmall, 
as  about  half  or  one  third  of  a Line  in 
Diameter,  the  Water  will  rife  an  Inch  or 
two  higher  in  that,  than  in  the  other  Leg  ; 
which  likewife  happens  when  you  dip  a 
Glafs  Tube,  whole  Diameter  is  lefs  than 
one  Quarter  of  a Line,  into  Water,  for  it 
will  rife  therein  to  the  fame  Height  of  an 
Inch  or  two  above  the  other  Parts  of  the 
Water’s  Surface,  and  the  whole  Quantity 
of  Water  that  rifes  above  the  Level,  in 
Tubes  that  arc  very  fmall,  or  in  fuch  as 
are  only  moderately  fo,  as  about  a Line, 
or  half  a Line  in  Diameter,  is  fenlibly 
equal  to  a great  Drop  of  Water,  that  being 
fix’d  to  fome  Body  hangs  at  it  without 
falling. 

The  fame  Efledt  may  be  feen  in  the  Expe- 
riment of  the  Bottle  before  mention’d  {Fig. 
4.  Eab.  d.);  for  if  the  Tube  be  very  fmall, 
as  about  half  a Line  in  Diameter,  the  Wa- 
i ter 
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ter  will  fall  in  it  no  lower  than  L,  about 
an  Inch  above  E,  and  then  this  particular 
Caufe  of  Adhefion  refills  the  Effort  of  the 
Air,  which  is  above  the  Water  in  the 
Tube;  and  the  narrower  the  Tube  is,  the 
higher  the  Point  L will  be. 

Some  attribute  the  Caufe  of  this  Effect 
to  the  Weight  of  the  Air,  which  adts  with 
its  full  Force  upon  the  Water  in  the  large 
Tube,  and  can’t  adt  fo  well  upon  that  in 
the  fmall  one;  but  this  can’t  be  the  Rca- 
fon:  For  if  you  dip  fuch  a Tube  in  / Mer- 
cury, it  will  not  rife  fo  high  in  it  as  the 
' Level  of  the  reft  of  the  Mercury  ; and  yet 
in  this  Cafe  the  Weight  of  the  Air  ought 
to  have  the  fame  EfFcdt  upon  the  Mercury 
that  it  has  upon  the  Water:  Whereas, 
if  one  of  thefe  narrow  Tubes,  that  is  not 
above  half  an  Inch  high,  be  dipp’d  in 
Water,  the  Water  will  rife  in  it  to  the 
Top,  a'.tho’  the  Air  has  then  no  Diffi- 
culty to  infinuate  ic  felf.  And  for  a fur- 
ther Proof,  if  the  Sides  of  the  Tube  be 
thick,  or  if  it  has  been  fome  time  with- 
out Wetting,  it  contradls  a certain  greafy 
Subftance,  which  the  Water  can’t  fix 
. upon ; and  then  the  Water  will  not  rife 
above  the  Level,  though  the  fuppos’d  De- 
fied!: of  the  Weight  of  the  Air  continues 
the  fame  without  Alteration. 

This  Eft’edl  then  is  to  be  explain’d  by 
Che  fame  Reafons,  that  make  Water  in  a 
'Veffel  of  Wood  rife  above  a Line  and 
an  half  towards  the  Sides  with  a little 
Concavity,  which  caufes  .Two  Drops  of 
Water  to  join  together,  when  they  touch 
each  other,  of  which  Reafons  I have  fpo- 
ken  at  large  in  the  fitft  Difcourfe. 

A furprizing  Effedt  of  the  Equilibrium 
of  Water  may  be  feen  in  the  following 
Experiment : Take  a Veffel  or  Butt  of 
Water,  about  two  or  three  Foot  broad,  as 
A B C D,  {Fig.  9.  Tub.  6.)  make  an  Hole  at 
the  Top,  as  at  E,  and  fix  a Tube  therein 
of  an  Inch  Bore,  fo  clofely  join’d  with 
Hurds  and  Pitch,  or  other  glutinous  Mat- 
ter, that  no  Air  can  get  into  it,  and  let 
this  narrow  Tube,  rn'i.  E F be  12  or  1 5 
Inches  high;  fill  the  Veffel  with  Water 
by  fome  Holes  made  in  the  Top,  and  af- 
terwards flopp’d  up,  and  put  thereon  Sc- 


Book  IF. 

ven  or  Eight  Hundred  Pound  Weight 
which  will  fink  that  Top  to  a Concav’ty 
as  AMD  ; if  you  put  a white  Mark  on 
the  out  fide  of  the  Tube,  as  at  the  Point 
H,  and  at  the  Side  a little  higher  a Rule 
or  Index,  as  I L plac’d  in  a neighbouring 
Wall ; and  fix’d  in  fuch  Manner,  that  it  may 
remain  immoveable;  as  you  pour  Water 
by  little  and  little  into  the  narrow  Tube 
E F,  you  will  fee,  when  it  comes  to  be 
full,  that  the  Top  AMD,  together  with 
the  800  Pound  Weight  that  it  bears,  wtl 
be  rais’d  not  only  to  its  firft  Situation 
A E D,  but  that  it  will  take  even  a Con- 
vex Figure,  and  be  rais’d  in  the  Middle 
as  much  above  the  Point  E,  as  the  Point 
M was  below  it  before;  which  you  will 
fee  by  obferving  the  white  Mark  H rife 
by  Degrees  above  the  Ruler  I L,  with 
which  you  may  meafure  the  Difference. 
And  if  the  Tube  be  longer,  the  Eleva- 
tion of  the  Weight  will  fiill  be  greater  ; 
Whence  you  may  conclude,  that  the 
fmall  Quantity  of  Water  in  the  Tube  has 
as  much  Force  to  raife  this  great  Weight, 
and  pufh  up  the  Top  of  the  Veffel  to  a 
Convexity,  as  if  the  Tube  wfere  of  the 
fa;ne  Bore  or  Breadth  as  the  Veffel.  This 
EfFea  is  prov’d  by  the  fame  Reafons  be- 
fore-mentioned, concerning  the  Water  ia 
the  fmall  Tube  CD,  which  will  raife  the 
Water  in  the  Tube  BA  (Fig.  8.)  when 
’tis  no  higher  than  E,  tho’  it  fhould  weighs 
thoufand  times  as  much  : For  the  Velocity 
which  the  Water  in  the  fmall  Tube  F E 
(Fig.  9.  Tab.  6.)  will  take  in  its  Defccnt,  will 
be  to  the  Top  of  the  Veffel  in  afeending, 
as  the  Surface  of  this  Top  is  to  the  Sur- 
face of  the  Water  in  the  Tube;  that  is 
to  fay,  if  the  Tube  bean  Inch  in  Diame- 
ter, and  this  Top  of  the  Veffel  50  Inches 
the  Surface  of  the  Top  will  be  9s o times 
greater  than  the  upper  Surface  of  the  Wa- 
ter in  the  Tube:  Then  if  the  Water  in 
the  Tube  defeends  an  Inch,  that  which 
touches  the  Top  of  the  Veffel,  will  rife 
but  $ o o P^t  of  an  Inch.  And  confe- 
quemly,  if  the  Water  in  the  Tube  weighs 
a Pound,  it  will  make  an  Equilibrium 
with  900  Pounds,  then  it  will  raife  the 
800  Pounds  that  are  on  the  Top  of  the 
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Vefle),  with  the  little  Quantity  of  Water 
that  is  above  AED;  but  for  the  greater 
Exa&nefs  of  the  Calculation,  and  of  the 
Manner  of  Reafoning,  you  rauft  fup- 
pofe  that  the  whole  Top  of  the  Veffel 
rifes  all  at  once. 

When  one  of  the  Legs  of  a Syphon 
is  inclin’d,  and  the  other  perpendicular, 
both  being  pretty  near  of  the  fame  Dia- 
meter, Water  in  that  Syphon  will  likewife 
be  upon  a Level ; (Fid.  Fig.  io.  Fab.  6.) 
for  let  the  Syphon  ABC  be  plac’d  in 
fuch  Manner,  that  the  Leg  A B may  be 
perpendicular,  and  C B inclin’d  to  the 
Horizon,  it  is  manifeft  that  the  Weight 
of  the  Water  in  D B will  be  to  the 
Weight  of  the  Water  in  E B,  as  the  Bulk 
D B is  to  the  Bulk  E B ; but  if  E D be 
an  Horizontal  Line,  the  Sum-  of  the 
Force,  which  the  Water  E B has  to  de- 
fcend,  will  be  to  that  which  it  wou’d 
have  if  it  fell  perpendicularly,  as  the  Length 
EB  is  to  the  Length  DB:  Therefore  it 
will  make  an  Equilibrium  with  the  Wafer 
D B,  whofe  Diredlion  is  perpendicular, 
according  to  the  univerfal  Principle  ; for 
the  Spaces  pafs’d  through  in  the  fame  Time 
by  both  Quantities  of  Water  in  each  of 
thefe  Tubes,  according  to  their  natural 
Dire&ion  towards  the  Center  of  the 
Earth,  will  be  in  a reciprocal  Proportion 
of  their  Weights;  that  is,  as  the  Weight 
of  E B is  to  that  of  D B,  and  confe- 
quently  the  Water  E B will  not  over- 
poife  the  Water  B D ; the  greater  Fridli- 
on  in  the  long  Tube  may  caufe  fome 
Difference,  and  a little  retard  the  Motion 
of  the  Water  along  the  inclin’d  Plane 
E B , but  altho’  either  of  thefe  T ubes 
fhould  be  larger  than  the  other,  that  wou’d 
not  hinder  the  Equilibrium  for  the  Reafons 
above-mention’d. 

When  a Syphon  has  one  of  its  Legs 
much  larger  than  the  other,  ns  in  the  21ft 
Figure,  flop  the  Mouth  of  the  little  Leg 
with  yoer  Finger,  and  afterwards  fill  the 
great  one  with  Water,  then  take  off  your 
Finger  all  at  once,  and  you  will  find 
that  the  fird  Motion  of  the  whole  Co- 
lumn of  Water  A d is  retarded,  by  Rca- 
fon  of  the  Difficulty  which  it  meets  with 
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in  its  PafTage  at  G ; but  the  Motion 
through  F C is  much  fader  in  its  Begin- 
ning, than  when  the  two  Legs  are  of 
equal  Bore  ; whence  it  happens,  that  if 
you  pour  a little  Water  into  the  Leg  F C, 
till  the  Tube  of  ConjumStion  B C be  full, 
and  after  you  have  flopp’d  the  Mouth  F 
with  your  Thumb,  you  fill  A B,  the 
other  Part  of  the  Syphon,  up  to  the  Ho- 
rizontal Line  E D,  and  then  take  off  your 
Thumb  all  at  once,  the  Water  will  rife 
higher  than  D,  even  up  to  F,  becaufe  the 
Water  in  the  great  Leg,  though  it  de- 
feends  flowly,  yet  it  makes  that  in 
the  little  one  rife  very  fall,  and  all  the 
Water  being  in  Motion,  in  order  to 
come  to  an  Equilibrium , it  fill  moves 
(after  it  has  got  thither)  by  its  acquired 
Velocity,  as  appear’d  in  the  uniform 
Syphon ; which  caufes  the  Water  in 
the  great  Leg  to  defeend  dill,  and  make 
the  other  rife  Three  or  Four  Inches 
above  D from  whence  it  defeends  again,  . 
and  after  fome  Vibrations  (lands  at  lall  at 
the  fame  Height,  in  both  Legs  below 
E F ; and  though  the  Tube  A B fhould 
be  full  before  you  take  off  your  Thumb, ' 
the  Water  would  flill  fpout  up  Three  or 
Four  Inches  higher  than  F,  provided  the 
Leg  A B be  much  larger  than  CD;  for 
then  the  falling  and  rifing  in  this  large 
Leg  will  be  very  fmall,  and  almod  infen- 
fible.  Thefe  are  the  Experiments  that 
have  been  made  concerning  ir. 

I took  a Velfel  made  of  Tin,  as 
A BCD,  (Fig.  11.  Fab.  6.)  of  Four  Inches 
Diameter,  which  had  a Tube  E F,  to  which 
I join’d  a bended  Glafs  Tube,  as  F G H ; 

I fill’d  the  Veffel  and  the  Tube  E F,  af- 
ter I had  dopp’d  the  Mouth  at  H with  my 
Thumb,  to  hinder  the  Air  from  getting 
out ; and  when  I had  taken  off  my 
Thumb,  the  Water  fpouted  up  to  I,  .. 
Three  Inches  higher  than  the  Surface  of 
the  Water  DA;  but  when  the  Glafs 
Tube  reach’d  Five  or  Six  Inches  higner 
than  AD,  the  Water  rofe  in  it  Four 
Inches  higher  than  H,  from  whence  it  fell 
again,  anjd  at  length  came  to  an  Equili- 
brium. the  fame  Experiment  was  made 
in  a 1 ube  LE  F,  whofe  Diameter  was 
B equa.’  , 
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equal  throughout,  G H being  ftill  narrow- 
er than  L E F,  and  the  Water  fpouted  up 
above  the  Point  H,  juft  as  it  did  when 
the  Veffel  AD  was  above  E F : Now  in 
thefe  Cafes  the  Water  begins  to  rife  pretty 
faft  at  G,  and  afterwards  rifes  a little  fafter 
when  the  Water  L E has  acquired  fome 
Motion.  But  this  Velocity  in  the  Paflage 
from  G to  H begins  to  diminifh,  when 
the  Water  in  each  Tube  or  Leg  is  come 
to  an  Equilibrium,  that  is,  to  the  Height 
at  which  it  ought  to  ftand  in  both  the 
Tubes,  as  to  the  Horizontal  Line  K M. 
But  if  you  put  different  Liquors  in  the 
two  Tubes,  the  lighted  will  be  higher 
than  the  other,  in  a reciprocal  Proportion 
of  their  Weights.  The  Rules  of  which 
are  as  follow. 

A Rule  for  the  Equilibrium  of  different 
Liquors  by  their  bVeight. 

There  are  two  Sorts  of  Gravity  in 
Bodies  here  to  be  confidered ; one  pro- 
ceeding from  the  Mafs  or  Bulk  of  the 
Body,  as  a Cubic  Foot  of  Wood  weighs 
more  than  a Cubic  Inch  of  the  fame 
Kind  of  Wood  ; the  other  proceeding 
from  the  Denfity  of  Bodies,  or  from 
fome  other  Reafon  by  which  one  Body 
weighs  more  than  another  of  equal  Bulk, 
as  a Cubic  Inch  of  Gold  weighs  more 
than  a Cubic  Inch  of  Iron  j this  latter  we 
call  Specific  Gravity  ; thus  the  Specific 
Gravity  of  Water  is  greater  than  that  of 
Oil ; the  Gravity  of  the  Air,  in  which  the 
Body  is  weigh’d,  is  not  here  confider’d, 
though  in  Stri£hiefs  it  ought  to  be. 

Let  there  be  an  Equilibrium  of  Water 
at  the  Height  D E,  in  the  Syphon  ABC 
(Fig.  1 5.  Tab.  6.) ; pour  fome  Oil  gently 
into  the  Tube  C D,  to  the  Height  C,  then 


you  will  fee  the  Water  defcend  below 
E,  and  rife  about  D in  the  other  Tube 
let  E F be  the  Meafure  of  the  Defcent, 
andDG  of  the  Elevation,  and  draw  the 
Horizontal  Line  F H ; then  the  Oil  F G 
will  be  to  the  Water  H G-  reciprocally, 
as  the  Specific  Gravity  of  the  Water  is  to 
that  of  the  Oil  ; for  the  Water  F B will 
make  an  Equilibrium  with  the  Water 
B H,  then  the  Oil  F C will  make  an 
Equilibrium  with  the  Water  H G ; now 
that  the  whole  fhould  remain  in  this  Si- 
tuation, ’tis  neceffary  that  the  Parts  H and  , 
F fhould  be  equally  prefs’d,  from  the  a- 
bove  mention’d  Principle:  Then  the  Quan- 
tity of  Oil  F C will  weigh  as  much 
upon  F,  as  the  Water  H G upon  H. 
The  fame  Effedl  will  appear  in  Mercury 
and  Water ; for  if  you  put  Mercury  into 
the  Syhon  A B C to  t,\  Height  D E,  and 
then  pour  in  Water  gently  at  C,  inclining 
the  Syphon  a little  at  firft,  to  hinder  the 
Water’s  mixing  with  the  Mercury,  and 
let  the  Water  rife  up  to  C,  and  the  Mer- 
cury to  I,  the  Water  will  then  fall  to  the 
Horizonal  Line  K L ; and  the  Water  K C, 
together  with  the  Mercury  KB,  will  make 
an  Equilibrium  with  the  Mercury  B I j 
and  as  the  fpecific  Gravity  of  Mercury  is 
to  that  of  Water,  fo  reciprocally  will  the 
Height  K C be  to  the  Height  L I,  and  by 
this  Means  it  will  be  eafy  to  determine 
the  Specific  Gravity  of  Liquors  with  Re- 
fpedt  to  each  other  ; for  if  Mercury  weighs 
fourteen  times  more  than  Water,  KC 
will  be  fourteen  times  longer  than  L I. 

And  thus  I have  trac’d  the  Equilibrium, 
or  Weight  of  Air  in  Refpe&  to  Water  : As 
to  the  Balance  of  Wood,  Wax,  and  other 
Metals,  with  which  Mariotte  ges  on, 
it  will  be  needlefs  to  infert  it  in  this; 
Place. 


The  End  of  the  Notes  of  the  fecond  Book , 


